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the fineness of division since if dogs are allowed to bolt large 
pieces of hard-cooked egg-white, fragments of the same can gener- 
ally be distinguished macroscopically in the feces. 

The Temperature Necessary to Improve the Digestibility of Egg- 
W hite.—The above results show that simple heating of the native 
egg-white renders it more digestible and affords the organism a 
chance to make better use of it. At what temperature is this 
change effected? To determine this the egg-white was heated 
in a double-boiler for 30 to 45 minutes with constant stirring. 
At temperatures below 55° the substance suffered little impair- 
ment of its activity in causing diarrhea. This activity is, how- 
ever, considerably decreased by heating at 55° or 60°. After 
being subjected to a temperature of 65° for half an hour the 
digestibility of the egg-white is still further enhanced while at 
70° or above, the foodstuff becomes entirely innocuous. Above 
55°, more or less coagulation takes place depending upon the 
degree of alkalinity of the egg-white, while at 70° the protein is 
entirely coagulated but is very soft and jelly-like in texture. 


Experiments with Rats. 


The subjects were large, healthy, white rats kept in sanitary 
cages and supplied plentifully with food and water. The meals 
consisted largely of separator-milk powder (‘‘ Klim’’) mixed well 
with varying amounts of egg-white, bread-meal, and lard. 

When the diet contained 20 per cent of raw egg-white the feces 
of the subjects were not different from those of controls fed on a 
mixed diet although occasionally the presence of small amounts 
of coagulable protein could be demonstrated. When the pro- 
portion of egg-white was increased to 40 per cent half of the ani- 
mals had softened feces, the scybala being larger and longer than 
normal. Such stools as these always contained unused protein. 
All the subjects up to this time gained in weight and maintained 
excellent condition. Tolerance for the unusual foodstuff was 
quickly gained since after 7 to 10 days’ feeding the feces could 
not be distinguished in appearance from those of the controls. 

Next, a new lot of animals were first fed a diet containing 60 
per cent of raw egg-white. This caused diarrhea which in some 
cases was severe. In the latter contingency the body weight 
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PLATE 1. 


Experiments on the feeding of albino rats have shown that for 
adequate growth a suitable supply of certain amino-acids must 
be available in the diet.1 Conspicuous among them are trypto- 
phane, lysine, and cystine. A ration which fails to yield these in 
reasonable abundance cannot promote growth; but if the other 
(non-protein) dietary factors are suitable, increment of weight 
can promptly be brought about by the addition of these essential 
amino-acids. Buckner, Nollau, and Kastle? have attempted to 
test the validity of the conclusions just expressed, in a series of 
feeding experiments on young chicks, by using grain mixtures 
which they believed to exhibit a low and high lysine content re- 
spectively. The outcome was interesting in showing unmis- 
takable differences in the growth of the birds in the two groups. 
For example, in one series the average change of weight per chick 
during the feeding period of 8 weeks was from 43 to 510 gm.; 
whereas on the ration supposedly low in lysine the increment 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

1 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1914, xvii, 325; 1916, 
xxv, l. 

? Buckner, G. D., Nollau, E. H., and Kastle, J. H., Am. J. Physiol., 
1916, xxxix, 162; Kentucky Agric. Exp. Station, Bull. 197, 1916. 
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was from 43 to 170 gm. in birds from the same lot, and kept 
under the same environmental conditions. 

The rations employed by Kastle and his collaborators were 
complex, consisting of mixtures of various cereals and other seeds 
fed in part in the form of a mash and in part as a coarsely ground 
grain mixture. The authors concluded that “the marked dif- 
ferences shown by these two lots of chicks in rate of growth and 
development cannot be ascribed to the fat content of the two ra- 
tions, but rather to differences in the amino-acid content of the 
two rations and in all probability to differences in the lysine con- 
tent.”’ The lysine yielded by these highly complex mixtures was 
estimated by the Van Slyke method of protein analysis. Of the 
nitrogen in the foods low in lysine about 0.7 per cent was stated 
to belong to this amino-acid; whereas the foods high in lysine 
contained three to five times as much. 

Experience has shown that the results obtained by Nollau, who 
applied Van Slyke’s method directly to feedingstuffs, are in some 
instances wholly erroneous.* Thus a glance at the figures given 
by Nollau‘ for the proportion of lysine shows numerous data in- 
consistent with our knowledge of the amino-acid content of the 
proteins of these food products, as determined directly by Kos- 
sel’s method. For example, wheat gluten is represented as con- 
taining very much less lysine than the entire maize kernel, whereas 
in fact the reverse is the case. 

Believing that the conclusion of Buckner, Nollau, and Kastle 
in respect to the relative amounts of lysine yielded by their foods 
was in the main correct, although unproved, we have concluded 
to attempt the application to the chick of the methods of feeding 
mixtures of more definitely known lysine content in the form of 
foods successfully employed by us in the case of albino rats and 
mice. Furthermore the rapid growth of this species furnishes a 
peculiarly advantageous opportunity to contrast dietaries of un- 
like nutrient quality. 

The plan of the experiments was to compare the growth of 
chicks (Rhode Island Reds) fed on diets which, in one case con- 
tained ‘‘corn gluten,” the mixed proteins of which yield about 1 


3 See Grindley, H. S., and Slater, M. E., J. Am. Chem. Soc., 1915, xxxvii, 
2762. Hart, E. B., and Bentley, W. H., J. Biol. Chem., 1915, xxii, 477. 
* Nollau, E. H., J. Biol. Chem., 1915, xxi, 611. 
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per cent of lysine,® and in the other case contained equal parts of 
“corn gluten’’ and lactalbumin, a protein yielding about 10 per 
cent of lysine. 

Two types of food were employed. One, the fat food, identi- 
cal with that furnished to our rats, was made in the form of a 
paste by grinding the ingredients together with a sufficient quan- 
tity of lard and butter fat; the other, the starch food, was made 
in the form of a coarse meal by substituting starch for a large pro- 
portion of the fat in the ‘‘fat food.’’ The starch was first con- 
verted into a paste with boiling water, and then the other ingre- 
dients were stirred in. After being baked in an oven at 70-80°, 
the cakes were ground to a coarse meal. This product was simi- 
lar, in texture as well as chemical composition, to a meal made by 
grinding grains. Both types of food were furnished at the same 
time, and each was eaten freely. The chickens exhibited varying 
preferences for essentially the same food ingredients supplied in 
these unlike physical textures. The composition of the mixtures 
was as follows: 





Corn gluten + 
Corn gluten food. lactalbumin food. 





Starch food.| Fat food. |Starch food.| Fat food. 





per cent per cent per cent per cent 
Corn gluten 38* 38* 19+ 19t 
Lactalbumin 0 0 9t 9t 
“Protein-free milk’”’ 28 28 32 | @ 
24 2 34 CS ae 
10 18 10 18 

0 14 0 12 

















* Equal to 15.64 per cent protein (N X 6.25). 
+t Equal to 7.82 per cent protein (N X 6.25). 
t Equal to 7.24 per cent protein (N X 6.25). 


The proximate composition of the ‘‘starch food’’ stated in the 
usual terms of a fodder analysis shows its chemical similarity to 
an ordinary high protein grain ration. 


> Our analysis of the special preparation of ‘‘corn gluten,’’ for which we 
are indebted to Mr. H. C. Humphrey, showed it to contain 31.25 per cent 
of zein, which yields no lysine, and 13.69 per cent of maize glutelin, which 
yields 3 per cent of lysine. Compare Osborne, T. B., and Clapp, S. H., 
Am. J. Physiol., 1908, xx, 477. From these data we conclude that the 
mixed protein of the ‘“‘corn gluten”’ yields about 1 per cent of lysine. 
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Composition of the ‘Starch Food.’’ 





Corn gluten + 
1 bumin 


Corn gluten 
food. 





per cent per cent 
N-free extract* (lactose, starch, etc.)........... 68.1 69.6 
12.0 11.0 
Protein (N X 6.25) 15.6 15.1 
Inorganic (ash) 4.3 4.3 
Crude fiber 0.0 0.0 





100.0 100.0 











* This includes the unknown constituents of the ‘‘ protein-free milk’’ 
together with citric acid and residues of protein. 


These food mixtures therefore contain, aside from the protein 
ingredients, the essential substances including inorganic salts, 
fat-soluble and water-soluble hormones, which. experience with 
rats has been shown to be required for perfect growth. 

Four chicks, hatched on the same day in an incubator, were 
kept in pairs when they reached the age of 3 to 4 weeks. The 
wire cages in which they were placed during the first 3 weeks of 
the experimental period had bottoms about 18 x 12 inches, cov- 
ered with dried sand. Small cloth hovers were provided. Each 
bird was then transferred to a separate cage, as it was noticed 
that the larger bird of each pair annoyed the smaller one to such 
an extent as to interfere with its growth. The new cages had 
bottoms 12 inches square which were covered daily with fresh 
sheets of blotting paper. After the birds had grown so large as 
to need more room (when about 80 days old) they were again 
transferred to cages twice as large. 

The cages were kept in a well lighted and ventilated basement 
room, at a fairly uniform temperature of about 20°. During the 
first 3 weeks they were placed out of doors for a few hours when 
the weather was fine; and a small amount of clover, chickweed, 
and other green food was supplied. After the birds were about 
7 weeks old they were kept continuously in the laboratory and 
no green food whatever was given them. During this time they 
acquired the habit of eating relatively large quantities of the 
blotting paper, which rendered their feces much more solid and 
seemed to be otherwise beneficial. Throughout the experiment 
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commercial chicken grit was supplied freely. During the course 
of the experiment one chicken of each pair died from causes not 
ascertained. 

The weekly gains in weight of the two remaining chicks are 
indicated in the table below. 


Body Weight in Gm. at Successive Weekly Periods. 





Carn gluten feed. en eee 


Age. 





Chick 3. Chick 2. 





days gm. gm. 
22 106 80 
28 118 
35 112 
42 105 
49 115 
56 122 
63 129 
70 142 
77 











Total gain in 55 days... 52 





The photographs exhibit the unlike development and relative 
size of the chickens on these contrasted diets (Fig. 1). 

The results here recorded are in agreement with our observa- 
tions upon rats receiving similar diets. We thus see that corn 
gluten permits a very slight growth of chickens, as well as of 
rats, because it contains some maize glutelin—a protein which 
yields tryptophane as well as a little lysine. With chicks, as 
with rats, lactalbumin, rich in both tryptophane and lysine, is an 
efficient adjuvant to the proteins of corn gluten. The stunted 
Chick 3 exhibited no indications of malnutrition other than the 
failure to grow. When the bird was photographed at the age o1 
81 days its body, neck, and head were still covered with down 
and free from even rudimentary feathers. The wing feathers and 
a few on the side of the breast, which had begun to grow before 


* Osborne and Mendel, J. Biol. Chem., 1914, xviii, 5. For the growth of 
rats on corn gluten see Osborne and Mendel, ibid., 1914, xviii, 15, Chart V. 
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the beginning of the feeding experiment, continued to increase in 
size and appear in the photograph to cover a much larger part 
of the bird’s body than was actually the case. The ruffled ap- 
pearance of the feathers of Chicken 2 was largely caused by the 
frequent handling incident to weighing the bird daily during the 
experiment. These observations corroborate, for the chick, the ex- 
perience which we have previously published regarding the unlike 
value of different proteins in the nutrition of growth. 

In further accord with the observations on the growth of rats, 
cottonseed flour also forms a suitable adjuvant for the proteins 
of corn gluten, whereby in the presence of “protein-free milk,”’ 
butter fat, etc., satisfactory increments of growth can be obtained. 
This is well shown by the records of two chicks from the same 
brood as that used in the previous experiments, fed on foods com- 
posed as follows. 


Corn Gluten + Cottonseed Flour Food. 





Starch food. 





per cent 
Corn gluten 19.0* 
Cottonseed flour 20.57 
‘*Protein-free milk’’ 28.0 
Starch 17 .5-22.5 
10.0 
0.0 
5.0-0.0 











* Equal to 7.82 per cent protein (N X 6.25) in the food. 
+t Equal to 9 per cent protein (N X 5.40) in the food. 


The increments of body weight were as follows. 
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Body Weight in Gm. at Successive Weekly Periods. 





Corn gluten + cottonseed flour ration. 


Age. 





Chick 5. Chick 6. 





days gm. gm. 
28 143 133 
35 163 143 
42 176 167 
49 191 219 
56 247 283 
63 293 335 
70 340 375 
77 387 425 
81 427 455 











Total gain in 53 days... 284 322 





One of these chicks at the age of 81 days had thus gained 322 
gm. in a period of 53 days while at the same age Chick 3 on the 
corn gluten food had increased its weight only 44 gm. Photo- 
graphs are shown at the age of 81 days after 53 days of experi- 


mental feeding (Fig. 2). 

Our results confirm the conclusions drawn by Buckner, Nol- 
lau, and Kastle respecting the effect of foods high and low in ly- 
sine on the growth of chickens. Although their analyses cannot 
be depended upon to show with sufficient accuracy the content 
of lysine in their crude foods, it is probable, from what we know 
of the proteins in the seeds used by Buckner, Nollau, and Kastle, 
that the lysine content of the mixtures which they fed differed to 
a very considerable degree. In the case of our corn gluten food 
we know that its yield of lysine is very small, while that of the 
corn gluten + lactalbumin and of corn gluten + cottonseed 
flour is much greater. The assumption is therefore justified 
that chickens, as well as rats, require a sufficient amount of ly- 
sine in order to make normal growth and that this will doubtless 
be found true for other species. 

Drummond’ has recently maintained that it is impossible to 
rear, to a satisfactory degree of development, young chicks kept 
under the artificial conditions prevailing in the laboratory in 


7 Drummond, J. C., Biochem. J., 1916, x, 77. 
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which he has worked. Further experience seems to us to be 
essential, in the light of the experiments of Buckner, Nollau, and 
Kastle, as well as our own, before a final conclusion in respect to 
the problem of the experimental feeding of young chickens can 
be promulgated. The rapid growth of this species renders chick- 
ens especially suitable for experiments on growth. It has there- 
fore seemed worth while to determine the conditions under which, 
if possible, we can employ them for our future experiments. 


EXPLANATION OF PLATE l. 


Fia. 1. Chicken 3, weight 162 gm. Chicken 2, weight 342 gm. Photo- ° 
graph showing two birds of the same hatching, at the age of 81 days. 
Chicken 3 received the corn gluten food, upon which it gained 52 gm in 
55 days; Chicken 2, receiving an addition of lactalbumin in the ration, 
gained 283 gm. in the same period. The focal distance was the same for 
Figs. 1 and 2. 

Fia. 2. Chicken 5, weight 427 gm. Chicken 6, weight 455 gm. Photo- 
graph showing two birds of the same hatching, at the age of 81 days. They 
received the corn gluten + cottonseed flour ratio, upon which they gained 
284 gm. (5) and 322 gm. (6) respectively in 53 days. 
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Chick 5. Chick 6. 


(Osborne and Mendel: Amino-Acid Content of Diet.) 











THE EFFECTS OF TEMPERATURE AND FEVER UPON 
THE SYNTHESIS OF ETHEREAL SULFURIC AND 
UROCHLORALIC ACIDS IN THE ORGANISM. 


By HIIZU ITO. 


(From the Institute of Medical Chemistry of the Kyoto Imperial University, 
Japan.) 


(Received for publication, June 19, 1916.) 


dl 

The discovery of the formation of hippuric acid from benzoic 
acid and glycocoll in an animal body has caused various investi- 
gations on relationships of organic compounds in the animal body. 
Various syntheses have been discovered, such as the formations 
of urea from carbonic acid and ammonia, of uramid acid, of ethe- 
real sulfuric acid, and of conjugated glucuronic acids from their 
corresponding components. ; 

I have taken up at the suggestion of Professor Araki the prob- 
lem of the effects of temperature and fever upon the synthesis 
of ethereal sulfuric and urochloralic acids in the animal. 

Salkowski’s method of determining ethereal sulfuric acid was 
adopted in my experiments. As to the determination of uro- 
chloralic acid, urine was precipitated with neutral lead acetate, 
and the filtrate, which was obtained by the filtration of the upper 
transparent layer of the treated urine, was examined through 
the polariscope. Rabbits subjected to the experimentation were 
fed on ‘‘Tofukara’”! in the cage of usual construction, which was 
always kept clean. In all the following experiments, the 24 
hour urine of the rabbit was used. 

Phenol.—For determination of the relation between the sum 
total of sulfuric and conjugated sulfuric acids of the urine, the 
24 hour specimen which was obtained from a normal rabbit 
was carefully analyzed on the Ist day, as Tables I, III, and V 
show. On the 2nd day phenol was given to the animal. The 
ratio between the total of the sulfuric and the conjugated sulfuric 


1 The refuse of soy beans, first pressed and then cooked. 
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acids, which was found by the analysis of the urine on the 2nd 
day, was taken for the control. On the 3rd and 4th days the 
animal was fed no phenol. During this period the 24 hour urine 
was also analyzed to test whether the effect of phenol remained 
or not. That the phenol was entirely excreted on the treated 
days and the urine had returned to the normal condition was 
proved by comparing the results with those of the urine on the 
1st day. On the 5th day, the same amount of phenol was given 
to the animal, which was subjected to high or low temperature 
or was attacked by fever on this day. The analyzed results of 
the above mentioned acids in the urine were compared with those 
of the control. 

Chloral Hydrate.—Chloral hydrate was given to a rabbit on the 
Ist day. The rotation of urochloralic acid, which was found by 
the method already mentioned, was taken for the control. The 
rest of the treatment of the animal was the same as in the case of 
the phenol. Both series of experiments were conducted during 
all seasons except the summer. 


eo 


I. Effect of Low Temperature. 


According to Herter? the reduction of methylene blue in the 
tissues of an animal subjected to low temperature should be 
slower and less than normal. Since Quinquaud’ observed that a 
rabbit, when rapidly cooled, produced hyperglycemia and glyco- 
suria, Araki‘ and recently Fiirth® worked on the formation of 
the lactic acid in the animals which were subjected to very low 
temperature. Glaessner® also found glucose and lactic acid in the 
urine of a man who committed suicide by drowning. According 
to Glaessner, the formation of the glucose and lactic acid was due 
to the insufficient supply of oxygen and the vigorous muscle exer- 
cise in the death struggle. 

Judging from these facts it might be supposed that not only 
oxidation but other biochemical processes in the body of the 
cooled animal have been decreased. I thought, therefore, that 


2 Herter, C. A., Am. J. Physiol., 1904-05, xii, 128. 

3 Quinquaud, C. E., J. anat. et physiol., 1887, xxiii, 327. 

* Araki, T., Z. physiol. Chem., 1892, xvi, 453. 

* Firth, O. v., Biochem. Z., 1914, lxiv, 156. 

6 Glaessner, K., Wien. klin. Woch., 1906, xix, 920; 1909, xxii, 919. 
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cold temperature might also affect the synthesis of ethereal sul- 
furic and urochloralic acids in the animal. 

To cool the animal, as indicated in the following tables, I tied 
up its four legs and immersed it except its head in water at 8- 
15°C. For determining the body temperature of the cooled ani- 
mal, a calibrated thermometer was always used. When the body 
temperature of the animal rose more than desired, it was cooled 
again in water as before. When the animal was in danger from 
very low body temperature, it was put a short time in warm water 
at 37-40°C., as Fiirth directs, and recovered. 


TABLE I. 


Phenol Method. Experimeni 1. Rabbii, 2,460 Gm. 





Ratio of 


Date. 


Temperature. 





10 a.m. 


24 hr. 


urine : 


Phenol | 
ed. | as BaSO:. 


Total 
sulfate 


| 
Conjugated 


sulfuric 
acid as 
BaSO,. 


conjugated 
sulfuric 

acid to total 
sulfate. 





16 
17 
18 
19 
20 














ce. 


205 
210 
255 
236 
230 





gm. 


0 
0.3 
0 
0 
0.3 


gm. 
0.8478 
0.5726 
0.4947 
0.3299 
0.6753 








gm. 
0.0779 
0.2368 
0.0418 
0.0314 
0.1196 


per cent 
9.2 
41.4 
8. 
9. 
7. 


1 








*Immersed four times in water at 8-9°C. for 15 to 30 min. 
third bath the temperature of the animal was 23°; it was warmed in water 
at 40°, and recovered. 


After the 





6 “ 
7 “ 


21 
22 


36.8 
37.2 


37.5 
38.3 


180 
215 


0 
0 


0.5355 
0.3687 


0.0293 
0.0251 


5.5 
6.8 





Experiment 2. Rabbit, 2,720 Gm. 











38.5 
37.6 
38.1 
38.3 


* 





38.0 
37.5 
38.2 
37.8 





300 
305 
245 
130 
360 





0 
0.3 
0 
0 
0.3 


0.6180 
0.6185 
0.7909 
0.7722 
1, 2038 








0.0756 
0.2477 
0.0534 
0.0401 
0.2765 








*Immersed three times in water at 7-8°C. for 15 to 30 min. 
first bath the temperature of the animal was 24.3°, and it lay on one side; it 
was then warmed in water at 40°, and recovered. 


After the 





6 Feb. 1 
7 ne @ 


36.6 


37.5 


37.6 
38.0 


260 


195 | 


0 
0 


0.5772 
0.5266 


0.0364 
0.0323 


6.3 
6.1 
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TAB LE I—Continued. 





Experiment 3. Rabbit, 2,460 Gm. 





Temperature. 


| 24 hr. 


| | urine. | 
10a.m.| 6 p.m. 


’ 
| Phenol 
| fed. | 


Total 
sulfate 


| as BaSO.. | 





°C. | 


37.4 
37.4 


10 
“ 11 
* Bias 
“ 13 | 37.4 
“ 14 * 











*C. 


ce. 


| 
pe 
180 | 
| 215 | 
|. 175 | 
| 


145 
225 


a 
| 
ae 
0.3 | 
0 | 
0 | 


0.3 | 


gm. 


0.2760 | 


0.4601 | 
0.3720 


0.7047 | 
0.8343 | 


0.2107 | 


0.0261 


0.0594 | 


0.2808 





*Immersed four times in water at 
fourth bath the temperature of the animal was 28°. 


8-9°C. for 15 to 25 min. 


After the 





6 wee 
7 pee 


35.8 
37.4 


36.4 
38.2 


80 
190 


o- 


0 | 0.3338 | 0.0332 | 


0.3109 | 0.0307 


9.9 
9.9 





Experiment 4. R 


abbit, 2,040 Gm. 





38.4 
37.4 
38.6 
38.4 


* 











37 .6 
37.8 
37.6 
38.2 


190 
130 
165 
170 
125 





0 
0.25 

QO | 

4 
0.25 








0.2878 
0.1923 
0.2851 
0.3630 
0.3870 


} 
j 
; 
| 
| 
} 


| 
| 
| 


0.0441 | 
0.1484 | 
0.0603 | 
0.0523 | 


0.1892 


i 





*Immersed three times in water at 9-9.5°C. for 10 to 20 min. After the 
third bath the temperature of the animal was 25.8°. 





6 Mar. 1 | 33.8 | 


36.5 


| 115 


2p.m. 
31.0 


7 ae 


32.8 


0 


0.3063 


| 


/ 


0.0502 


Animal died at 3 p.m. Mar. 2. 


| 16.4 





Experiment 5. Rabbit, 1,810 Gm. 





Feb. 26 
“ a7 
* @ ists 

Mar. 1 37.7 
“ 2 ~ 


38.2 
38.4 











38.2 
38.9 
38.0 
38.2 


300 
175 
230 
130 





130 | 


| 





0.4680 | 0.0454 | 
0.2940 


0.4618 
0.3403 


0.5813 | 0.2275 


0.1851 
0.0490 
0.0421 


97 
| 63.0 
10.6 
| 12.4 
| 39.1 





*Immersed twice in water at 6-7°C. for 10 to 20 min. 
of the animal was 26.2°. 


bath the temperature 


After the first 





“ 


? 3 | 37.8 | 
4 | 37. 


0 
0 


0.4151 
0.2808 


0.0559 
0.0351 


13.5 
12.5 
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TABLE I. 
Chloral Method. Experiment 1. Rabbit, 2,120 Gm. 


Temperature. | , Chioral | Rotation | nitterence 
24 hr. calculated 
hydrate on te between 


urine. 
10a.m.| 6 p.m. fed. 24 hr. urine.|*) #24 (b). 





Date. 








1914 7~ °C ce. ; min. per cent 


Nov. 11 37.3 | 37.6 290 0.5 71.3 

“ 38.2| 37.0] 135 0 | 97 
- 81.0(a) 
nes 37.0 | 38.0 245 0 
aie © 305 0.5 62.2(b) 23.2 


























*Immersed twice in water at 15-16°C. for 20 to 30 min. After the first 
bath the temperature of the animal was 28.5°. 





5 1 37.0 | 38.6 310 0 
6 1 38.0 | 38.2 185 0 





Experiment 2. Rabbit, 2,150 Gm. 





38.2 | 39.0 385 0.5 
37.6 | 39.4 300 0 0 
38.4 | 37.8 190 0 0 
. 270 0.5 48.6 


























*Immersed twice in water at 12°C. for 25 min. After the first bath 
the temperature of the animal was 24°, and it lay on one side; it was 
warmed in water at 40°, and recovered. 


ee ae 38.0 | 205 





| | 38.6 38.8 | 200 0 





Experiment 3. Rabbit, 2,280 Gm. 





Dec. 8 | 37.7| 38.1| 300 0.5 | 
« 9g j|27.7/38.1| 38 0 
“10 | 37.9/ 38.4] 330 ‘a | 

| 


“ Wy | 265 0.5 | 38.2(b) 39.4 

















*Immersed three times in water at 910°C. for 15 to 25 min. After the 
third bath the temperature of the animal was 23.7°, and it lay on one 
side; it was then warmed in water at 40°, and recovered. 





.2 | 37.8 155 
.8 | 38.2 315 
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TABLE Il—Continued. 
Experiment 4. Rabbit, 2,550 Gm. 





Chloral | Rotation Difference 
24 hr. calculated 
Gia eet between 


24 ie. ~ (a) and (b). 


Temperature. 
Date. 





10a.m.| 6 p.m. 





1914 : ay ce. gm. min. per cent 


Dec. 16 ? 38.2 100 0.5 49. .8(a) 
sei ; 37.7 55 0 0 
a ; 38.5 250 0 0 
eae 115 0.5 41.4 


























*Immersed once in water at 9.5°C. for 30 min. After the bath the 
temperature of the animal was 23.1°, and it lay on one side; it was then 
warmed in water at 40°, and recovered. 





5 | « 20 |37.0/37.6| 55 0 3.4 


44.8(b)| 10.0 
21 37.2 | 37.8 45 0 0 





Experiment 5. Rabbit, 3,350:-Gm. 





37.1 | 37.8 100 0.5 64.8 
38.1 | 38.1 75 0 6.8 
37.3 | 37.6 120 0 3.2 
74.8(a) 
9 140 0.5 43.7 


























*Immersed twice in water at 8°C. for 25 min. After the second bath 
the temperature of the animal was 23.5°; it was warmed in water at 
40°, and recovered. 





——— 


55.4 
” ae 37.1 | 37.2 60 0 


mae 35.6 | 37.0 65 , 11.7 


(b) 25.9 





Examination of the results given above shows clearly that the 
synthesis was inhibited more as the duration of cooling was longer 
and the body temperature of the animal lower. It was obvious, 
therefore, that the synthetic process in the animal body was dis- 
tinctly inhibited by the action of low temperature. 
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Il. Effect of Fever. 


Fever is a general reaction in an organism which disturbs the nor- 
mal metabolic processes in the animal body. According to Ley- 
den and Liebermeister,’ it has been asserted as typical of fever 
to increase the decomposition of animal matter. Senator® stated 
that all substances in the body of a febrile animal do not undergo 
an equal decomposition, while it was recently proved by May and 
Staihelin® that decomposition is uneven in the different periods 
of fever. Thus various writers reached various conclusions on 
this matter. 

As regards the process of synthesis in fever, few studies, as far 
as I know, have been published. Weyl and Anrep’? proved that 
rabbits excrete less hippuric acid in fever than in the normal 
state. This was the reason why I took up the problem of the 
synthesis of ethereal sulfuric and urochloralic acids instead of 
hippuric acid in the same condition. 

To make the animal febrile, ‘‘good’’ pus was injected under the 
skin of its back. The pus was roughly diluted with water ac- 
cording to its strength, before it was used. The amount for in- 
jection was also regulated by its strength, using a 10 cc. injection 
syringe. Sometimes one injection was enough to produce the 
desired condition, but generally two or three injections were needed. 
The animal which showed the symptom of diarrhea or whose 
temperature did not reach 40°C. was not used. 


7 Leyden, E., Deutsch. Arch. klin. Med., 1870, vii, 536. Liebermeister, 
C., ibid., 1871, viii, 153. : 

* Senator, H., Arch. path. Anat. u. Physiol., 1869, xlv, 351. 

° May, R., Z. Biol., 1894, xxx, 1. Stahelin, R., Arch. Hyg., 1904, 77. 
‘0 Weyl, T., and Anrep, B. v., Z. physiol. Chem., 1880, iv, 169. 
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TABLE III. 
Phenol Method. Experiment 1. Rabbit, 2,120 Gm. 





| Ratio 
Conju- | of con- 
gated jugated 
sulfuric! sulfu- 
acid as |ric acid 
*)| BaSO,. |to total 
sulfate. 


ry 
E 


Ge 


Temperature. 




















8 | 24 hr. urine. 
3 | Phenol fed. 


per cent 


16.3 | 

91.2 | Control. 
17.3 
14.8 | Injected 2 ce. 
of pus at 5 
p.m. 


RaRS 





Injected 4.5 
ec. of pus at 
8 a.m. 





| 


| 


























Experiment 2. Rabbit, 2,070 Gm. 











.|7 p.m. 
38.5 230 0.183110 .0626 
38.5 .3 |0.2243'0.1722 Control. 
38.5 0.2080 0.0656 
39.3 235 0.1835/0.0358 Injected 2 cc. 
: of pus at 

noon; 2 cc. 
at 6 p.m. 








0.4774,0.2310| 48. Injected 3.5 
ec. of pus at 
11 a.m. 


| 
| 
} 


0 |0.3782'0.0347 


0 |0.4660,0..0600, 
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TABLE IiI—Continued. 
Experiment 3. Rabbit, 1,570 Gm. 





Coal Ratio of 
Total nju-| conju- 
gated | gated 
ae wulfurio oulfurie 
acid as | acid to 
BaSO:. | Basdy.| total 


Phenol fed. 





sulfate. 








g | 24 hr. urine. 


.—] 
3 


Control. 


Injected 2 cq. ° 
of pus at 6 
and 11 p.m. 


Injected 5 ce. 
of pus at 
a.m. and 2 
ec. of pus at 
2 p.m. 


38.5 
37.5 



































Experiment 4. Rabbit, 2,040 Gm. 





110 0.1678}0.0238 ; Control. 
225) 0.3 |0.1917,.0.1782 
115 0. 1352/0 .0368 

85 0. 2846/0 .0316 Injected 4 cc. 
of pus at 9 
a.m. 


105} 0:3/0.5233/0. 2646) 50.6 

















Animal died at 8.30 a.m. Nov. 3. 
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TABLE IlI—Continued. 
Experiment 5. Rabbit, 2,320 Gm. 





Conju- 
Total 

ulf gated 
sulfate sulfuric 


os acid as 
BaSOs.. B aSO.. 


Phenol fed. 





3 | 24 hr. urine. 


. gm. 


Ss 
3 


6 p.m. 
38.2 ; Control. 


38.4 Injected 3 cc. 
of pus at 9 
a.m. 
.|6 p.m. 
40.0 ’ Injected 2 cc. 
of pus at 6 
p.m. 
10 a.m./3 p.m. .m. : 
38.0) 37.1 ‘ 50} 0 |0.3488/0.1052) 30.2 
36.5 | 36.6 Animal died in a.m. Nov. 4. 



































TABLE IV. 


Chloral Method. Experiment 1. Rabbit, 1,570 Gm. 





=> 


Temperature. Remarks. 


| Chloral hy- 
drate fed. 
Rotation cal- 
Difference 
between (a 
and (b). 











3 | 24 hr. urine. 


co 
3 
33 


Control. 





Injected 2 ce. 
of pus at 6 
p.m. 

13.4(b) .0} Injected 2 cc. 

of pus at 10 

a.m. 
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TABLE IV—Continued. 
Experiment 2. Rabbit, 1,900 Gm. 





Temperature. Remarks. 


drate fed. 
Rotation cal- 
culated on 
the 24 hr. 
urine. 
Difference 
between (a) 
and (b). 








3 | 24 hr. urine. 
3 | Chloral hy- 


88 


Control. 


ad 
on 





Injected 4 cc. 
of pus at 10 
a.m. and 2 
ec. at 12.30 
p.m. 

40.2 .6 |150)0. 

38.5 .5 |105 

38.0 .2 |130 
































Experiment 3. Rabbit, 2,100 Gm. 





160/0.5) 59.5 Control. 





145 13.1 
72.6(a) 
165 0 Injected 4 cc. 
of pus at 10 
a.m. and 2 
ec. at noon. 











Injected 2 ce. 
of pus at 6 
p.m. 











40} 0| 10.1 
46.0(b) |36.6 
Animal died in a.m. Nov. 9. 
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TABLE IV—Continued. 
Experiment 4. Rabbit, 2,320 Gm. 





Temperature. 





























8 


1.30, 4 | 


6 


a.m.|p.m. p.m. p.m. 
38.0/40.0 39.8 39.7 





8 a.m. 


1.30 

p.m. 
39.0 
38.3 





6 p.m. 


38.5 
38.0 








8 | 24 hr. urine. 
3 | Chloral hy- 


110 


155 
175 


drate fed. 





hr. 


culated on 


Rotation cal- 
the 24 
urine. 


between (a) 


Difference 
and (b). 











gy 





Control. 


Injected 4 cc. 
of pus at 9 
a.m. 





Experiment 6. 


Rabbit, 2,240 Gm. 








12 


13 
14 


6 p.m. 


38.0 








p.m. 
38.5 











8 
a. m. 
38.2 


12.30 4 
p.m. p. 


40.3 39. 


6 


39.7 


p. m. 





S a.m. 


39.0 


. 


5 
3 


37. 
38. 





12.30 
p.m. 
38.5 


38.0 


6 p.m. 


37.8 


38.0 




















Control. 


Injected 4.5 
ec. of pus at 
8.30 a.m. 
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We thus found that the synthesis of ethereal sulfuric and uro- 
chloralic acids was remarkably inhibited in the febrile animal, 
and the inhibition increased as the temperature was higher and 
the duration of the fevered condition was longer. 


III. Effect of High Temperature. 


In comparison with the effect of the febrile temperature on the 
destruction of proteins in the animal, the effect of high tempera- 
ture artificially produced has .been reported by many writers."! 
Unfortunately, however, agreement was reached only on the fact 
that differences exist between the effects of the fever and of arti- 
ficially produced temperature. 

In 1884 Aronson and Sachs raised the body temperature of a 
rabbit by means of a well known ‘“ Waerme-stich.’”’ I found, how- 
ever, that it was not satisfactory for my purpose. Therefore I 
adopted the method of heating the animals in a well ventilated 
incubator. The animal was put into the incubator for 12 hours 
several times, with intervals of 15 to 60 minutes. The animal 
was taken out and cooled whenever it became overheated. The 
results are given in Tables V and VI. 


11 Schultze, O., Arch. exp. Path., 1900, xliii, 193. Koch, C. F. A., Z. 
Biol., 1883, xix, 447. Simanowsky, N. P., ibid., 1885, xxi, 1. Richter,P., 
Arch. path. Anat. u. Physiol., 1891, exxiii, 118. 
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TABLE V. 
Experiment 1. Rabbit, 2,260 Gm. 





: Ratio of 
Temperature. Total sul- |Coniueated conjugated 
24 hr ar ite on sulfuric sulfuric 


urine ed. 7 acid as - 
BaSoO «. 4 acid to tot 
8 a.m. -m. BaSOu. —_ 


Date. 








1915 whe A ce, gm. gm. gm. per cent 
Apr. 12 | 38.5 300 0 0.3704 | 0.0582 15.7 
= @ ime 320 | 0.3} 0.3063 | 0.1709 55.8 
“ 14 | 38.4 300 0 0.1665 | 0.0413 24.8 
“* £12 : 265 0 0.2109 | 0.0339 16.1 
hee ° 160 | 0.3 | 0.4569 | 0.1453 31.8 
































*The maximal temperature of the animal was 42.5° and the minimal 
39.0°. The range of temperature showed frequent variations between 
these points. 








6 | « 17 | 38.4138.2| 200 0.1720! 0.0356] 20. 
7} “ 18 | 38.1/38.6| 280) 0 | 0.2262| 0.0201| 12.9 





Experiment 2. Rabbit, 1,830 Gm. 





Apr. 38.5 220 0.4356 | 0.0534 
a 38.8 ' 235 , 0.3694 | 0.1978 
, 37.9 . 275 0.3971 | 0.0495 
’ 38.4 ; 170 0.3277 | 0.0455 13. 
” 95 0.3891 | 0.1368 35. 


—_" 
to 





— Or 
to SS 
nN © or or w 





























*The maximal temperature of the animal was 42.8° and the minimal 
38.8°. The range of temperature showed frequent variations between 
these points. 





1.0 
0.3661 | 0.0336 | 9.2 


a May 1 cid Gove 170 Be 0.0306 | 1 


7 “« 2 | 37.9 | 38.0] 115 




















TABLE V—Continued. 


Experiment 3. Rabbit, 2,040 Gm. 

















| : Ratio of 
Date ere 24 hr. | Phenol bp a aul con eonsaunted 
; urine.| fed. A acid as ry tege 
é BaSO.. BaSO acid to tota; 
7 Sa.m. | 6p.m. owe. sulfate 
1915 <. “c. ce. gm. gm. gm. per cent 
1 May 1 38.2 | 37.7 245 0 0.2744 0.0374 13.6 
2 vas 2 37.5 | 38.0 250 0.3 0.3613 0.2663 73.7 
3 . 3 37.3 | 38.5 210 0 0.3024 0.0336 11.1 
4 ” 4 37.9 | 38.2 240 0 0.2842 0.0374 13.2 
5 = 5 ° 55 0.3 0.2739 0.1555 56.8 





























*The maximal temperature of the 


animal was 43.0° and the minimal 

















38.5.° The range of temperature showed frequent variations between 
these points. 
6 “ 6 | 37.0} 38.2] 140 0 0.2912} 0.0445 15.3 
7 “ 7 | 37.5] 38.2] 160 0 0.2688 | 0.0288 10.7 
Experiment 4. Rabbit, 1,660 Gm. 














May ll 
“ i? 
“<< 13 
“ 14 
“ 15 





1 
2 
3 
4 
5 


37.4 
37.9 
37.6 
38.1 


* 








38.0 
37.8 
38.3 
38.1 








175 
300 
225 
210 
130 








0.4732 
0.2376 
0.1602 
0.2310 





0.4888 








0.0707 
0.1908 
0.0233 
0.0239 
0.1808 












14.9 
80.3 
14.5 
10.3 
37.0 





* The maximal temperature of the animal was 43.0° and the minimal 





38.0°. The range of temperature showed frequent variations between these 
points. 
6 “ 16 | 37.4 | 38.4} 100 0 0.4084 | 0.0456 11.2 
7 “ 17 | 37.4 | 38.1] 220 0 0.4250 | 0.0422 9.9 




















Experiment 5. Rabbit, 2,020 Gm. 








May 18 
“ 19 
“ 20 
“ os 
“ 29 


1 
2 
5 
4 
5 














255 
255 


225 
95 








0 
0.3 
0 
0 
0.3 








0.1096 
0.4223 
0.1107 
0.1935 
0.3504 








0.0143 
0.3953 
0.0333 
0.0306 
0.1691 












13.0 
93.6 
30.1 
15.8 
48.3 





*The maximal temperature of the 
The range of temperature showed frequent variations between 


animal was 42.8° and the minimal 





38.8°, 

these points. 
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7 at 


37.3 
37.5 





0 
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38. 
38. 


275 


oe 
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0.1683 
0.2772 





0.0391 
0.0317 





23.2 
11.4 
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Sulfuric and Urochloralic Acids 


TABLE VI. 
Experiment 1. Rabbit, 2,420 Gm. 





Temperature. Rotation | nifference 


- iChloral hy-| calculated 
24 hr. urine. dvate fed. | om the 94 between 


8.30 a.m. 6 p.m. hr. urine. |“) and (b). 





} 
Zz 





1915 °C. <. ce. gm. min. per cent 


1 Mar. 19 39.0 38.4 225 0.5 39.2(a) 
2 a 37.8 38.8 300 0 0 
3 7 38.0 38.8 230 0 0 
4 * . 90 0.5 25.9(b) 33.9 


























*The maximal temperature of the animal was 43.0° and the minimal 
37.8°. The range of temperature showed frequent variations between 
these points. 





5 “ 2 37.8 38.2 160 0 
6 “24 38.2 38.3 255 0 








Experiment 2. Rabbit, 2,300 Gm. 





Mar. 21 37.8 38.0 225 0.4 
a 38.0 38.5 265 0 


3 “ 2 38.0 38.3 300 0 
of “24 . 115 0.4 24.2(b) 52.7 


























* The maximal temperature of the animal was 42.0° and the minimal 
38.0°. The range of temperature showed frequent variations between 
these points. 





5 eee 37.8 38.5 320 0 
6 - 38.5 38.4 250 0 





Experiment 3. Rabbit, 2,700 Gm. 





0 160 0.5 50.9(a) 

38.8 180 0 0 
38.2 215 0 0 

30 80 0.5 25 .0(b) 50.9 


38. 


27 
28 
29 


























* The maximal temperature of the animal was 42.8° and the minimal 
38.8°. The range of temperature showed frequent variations between 
these points. 





5 ee 36.8 


38.0 230 
6| Apr. 1 37.3 38 


2 150 
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TABLE VI—Continued. 
Experiment 4. Rabbit, 1,870 Gm. 





Temperature. Rotation Diff 

-  |Chloral hy-| calculated err unbanead 
24 hr. urine. drate fed. | on the 24 Ayer S 
8:30 a.m. 6 p.m. hr. urine. . 








1915 7. . ; gm. min. per cent 


Mar. 28 38.9 38.4 165 0.4 38.6(a) 
©, ae 38.2 38.8 190 0 0 
~) ae 38.4 38.6 175 0 0 
ae ” 110 0.4 24.4(b) 36.8 


























* The maximal temperature of the animal was 43.2° and the minimal 
38.7°. The range of temperature showed frequent variations between these 
points. 





5| Apr. 1 38.0 38.6 120 0 
6 “, 9 37.8 39.0 195 0 





Experiment 5. Rabbit, 2,120 Gm. 





| 
Apr. 9 38.0 260 0.5 59.3(a) | 
ae 38.4 : 195 0 | 


56.7 




















1 
2 
3 =: 37.8 120 0 0 
4 oa « 165 0.5 25 :7(b) | 





* The maximal temperature of the animal was 43.3° and the minimal 38.3°. 
The range of temperature showed frequent variations between these 
points. 





a 37.0 36.7 85 | 0 | 0 | 
> ae 35.6 Animal died at 10 a.m. Apr. 14. 





From these results we may conclude that the high temperature 
artificially produced in the animal also markedly prevented the 
synthetic process of the acids. 

During these experiments the treated animal does not eat as 
much as usual, so it may be that the lack of food affects the re- 
sults. But this may not be the case. For the decomposed pro- 
ducts of proteins do not decrease even in the case of a 10 day 
starvation in man.’ In the case of the rabbit, however, it takes 


12 Von Noorden, C., Handb. path. Stoffwechsels, Berlin, 2nd edition, 1906, 
" i, 52. 
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some food even during the experimental period, or a strong rab- 
bit loses no appetite at all. And, according to Fenyvessy," 
conjugated glucuronic acids as camphoglucuronic acid and uro- 
chloralic acid are excreted as usual even at the time of starvation 
of arabbit. For these reasons we may conclude that the lack of 
food does not affect the synthetic process of both acids in the 
treated animal. 

From the results of the three series of experiments it may be 
seen that in each case the synthesis of both acids was remarkably 
inhibited; that is, high and low temperatures and fever act un- 
favorably on these syntheses. As to the mechanism through 
which temperature changes affect these processes, further inves- 
tigations are required. 


SUMMARY. 


1. In rabbits in which abnormal temperatures are induced by 
chilling in water, warming in hot air, or creating fever by pus in- 
jections, the power of synthesizing ethereal sulfuric and urochlo- 
ralic acids in the animal body is decreased. 

2. The stronger the cooling and warming and the higher the 


fever, the more the conjugating function is prevented. 
3. The lack of food in the experiments is not related to the 
decreased synthesis of the acids. 


13 Fenyvessy, B. v., Jahresber. Tierchem., 1905, xxxiv, 759. 





THE ACCUMULATION OF URIC ACID IN THE TISSUES 
DURING SUPPRESSION OF URINE. 


By H. GIDEON WELLS. 


(From the Otho S. A. Sprague Memorial Institute and the Department of 
Pathology of the University of Chicago, Chicago.) 


(Received for publication, July 17, 1916.) 


Among the items of evidence in favor of the view that the 
human organism possesses the ability to destroy uric acid is the 
observation of Schittenhelm and Wiener,! who reported the 
analysis of the tissues of a man who died after 6 days’ complete 
suppression of urine, the result of bilateral thrombotic occlusion 
of the renal arteries. For analysis were used 1,385 gm. lung, 
250 gm. heart, 250 gm. spleen, 1,785 gm. liver. First, 200 gm. 
samples of each were analyzed, and no uric acid was found. The 
rest of the tissues were then united and analyzed, and 10 mg. of 
uric acid obtained. 

As control they cite analysis of tissues from a girl, 16 years old, 
dead from pernicious anemia. One portion analyzed consisted 
of 822 gm. liver, 602 gm. lung, 177 gm. heart, and 90 gm. spleen; 
the other consisted of 177 gm. kidney and 435 gm. intestine. 
From neither could any uric acid be isolated. Also tissues from 
a man with gout were analyzed; 10 mg. uric acid were recovered 
from the spleen and 15 mg. from the lungs, but none whatever 
from the liver, muscle, intestine, or kidneys. 

These findings they interpret as indicating that uric acid is 
destroyed in the human body, for it is argued that since human 
liver can form uric acid from xanthine, and since it is known 
that the human organism can convert food purines into uric acid, 
there should be an appreciable retention of this uric acid and an 
accumulation in the tissues during 6 days total anuria. 


“Die Versuche, besonders das Fehlen grésserer Harnsiiuremengen in 
den Organen bei totaler Anurie, scheinen uns ein weiterer Beweis gegen 





! Schittenhelm, A., and Wiener, K., Z. exp. Med., 1914, iii, 397. 
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die Annahme der Unzerstorbarkeit der Harnsaure in menschlichen Organis- 
mus zu sein. Sie stehen im Einklang mit allen Analysen, welche von 
Organen iiberhaupt, auch menschlichen, angestellt wurden. Nie konnte 
man erhebliche Harnsiuremengen nachweisen.’’ 


While it must be admitted that the inference drawn is in har- 
mony with the observation, nevertheless the failure to isolate 
uric acid from the tissues is by no means proof that destruction of 
uric acid has taken place in the body. Other possibilities must 
be considered. Uric acid that cannot be eliminated by the 
kidneys may be excreted by the bowel, which acts vicariously 
in renal deficiency. In the case of renal thrombosis described, 
no examination of the feces for uric acid was made, and eyen if 
such examination had disclosed the absence of uric acid from the 
feces, its excretion into the bowel would not be excluded, since 
bacterial decomposition might have removed it after being thus 
excreted.? 

Furthermore, the failure of Schittenhelm and Wiener to isolate 
any considerable quantity of uric acid from the tissues after 6 
days’ anuria, even if there were no vicarious excretion, is not in 
the least surprising. A patient with anuria after a severe oper- 
ation, as in their patient, is usually receiving or assimilating 
little nourishment and especially little containing nucleoproteins. 
Hence he is, as far as exogenous purine goes, practically on a pur- 
ine-free diet, if not actually starved. The daily output of endog- 
enous uric acid on a purine-free diet is given by some observers 
as about 200 to 300 mg., making a total for 6 days of 1.2 tol.8 gm. 
According to the figures of Schittenhelm and Wiener their final 
analysis was made on 1,185 gm. lung, 50 gm. heart, 50 gm. spleen 
and 1,585 gm. liver, a total of 2,870 gm. If we assume that the 
retained uric acid is deposited equally in all tissues, we might 
expect to find in a man of average size, say 70 kilos, about 4 per 
cent of the total uric acid accumulation in the 2.87 kilos of tissue 
examined, or but 48 to 72 mg. But the evidence furnished by 
gout leads to the inference that uric acid is not uniformly dis- 
tributed, but is deposited chiefly in the relatively avascular 
tissues, notably cartilage and periarticular fibrous tissues, rather 
than in the highly vascular tissues used in this analysis. We 


2 Sivén, V. O., Arch. ges. Physiol., 1914, elvii, 582. 
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certainly have no reason to expect retained uric acid to be de- 
posited especially in the liver and lungs, and we have the facts 
of gout deposition to indicate that these tissues would not give 
a fair picture of the total retention of uric acid. Hence, recovery 
of 10 mg. uric acid from the viscera examined by the methods 
available for isolation of uric acid from harger quantities of admixed 
purines is by no means proof that uric acid has been destroyed 
by the tissues. 

The statement that no uric acid can be isolated from tissues 
(‘Nie konnte man erhebliche Harnsiuremengen nachweisen’’) is 
evidence that the methods are probably inadequate, rather than 
that there are not measurable amounts of uric acid present. The 
colorimetric method of Folin and Denis and its modifications 
indicate that human blood normally contains 2 to 3 mg. per 100 
cc., and presumably the tissues are not free from uric acid if the 
blood contains this much. Fine,’ who discusses the work of 
Schittenhelm and Wiener, reports a series of analyses of viscera 
by this method, which indicate the presence of from 1.2 to 5 mg. 
of uric acid per 100 gm. of various tissues, either normal or from 
persons dying of disease not associated with nephritis. On the 
other hand, in three cases of uremia relatively large quantities 
of uric acid were indicated in the blood and tissues by the colori- 
metric method. In the blood the estimate was from 14.3 to 
17.0 mg. uric acid per 100 gm., as contrasted with 0.7 mg. in each 
of three other non-nephritic cases. The various viscera contained 
from 7.3 to 18.0 mg. per 100 gm., and the skeletal muscle from 
3.9 to 8.0mg. Exudates showed figures comparable to the blood. 
In other cases of nephritis, blood drawn during life and examined 
colorimetrically has regularly shown high uric acid content, up 
to 27 mg. per 100 cc.‘ If the colorimetric method is at all re- 
lable, Fine’s figures and those obtained by others show that when 
the kidneys are even partly out of function there does occur a 
noteworthy retention of uric acid in the blood and tissues. This 
fact is obviously not in harmony with the deductions drawn by 
Schittenhelm and Wiener. 

For some time I have been waiting for an opportunity to secure 
suitable material from a case of complete anuria, in order to learn 


* Fine, M. S8., J. Biol. Chem., 1915, xxiii, 471. 
‘ Myers, V. C., and Fine, M. 8., Arch. Int. Med., 1916, xvii, 570. 
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whether uric acid can be isolated in greater quantities from the 
tissues in this condition than when urine is being secreted nor- 
mally. This seemed necessary if the discrepancy between Schitten- 
helm’s conclusions and the observations of Fine is to be explained. 
For the colorimetric method gives only presumptive evidence of 
uric acid, since, theoretically, the characteristic reaction might 
be given by other substances. Only actual isolation of the pure 
crystalline uric acid, with qualitative and quantitative evidence 
of its identity, can establish positively the presence of this sub- 
stance in the tissues in considerable quantities. One case was 
finally obtained that permitted study of this matter. 

A young woman, previously in good health, took about 17 
grains of bichloride of mercury. Immediately thereafter she was 
taken to the Presbyterian Hospital, where she lived 9 days under 
close observation. During the entire time she excreted but 
96 cc. of urine in spite of intravenous injections of alkaline salt 
solution (Fischer’s solution) and hypertonic sugar solution, and 
renal decapsulation. Autopsy was performed less than 1 hour 
after death by Dr. B. O. Raulston, who kindly preserved the 
organs and blood for me on ice. The following tissues were 
analyzed for uric acid: 


Intestine and stomach.....1,100 Emptied but not washed. 

Mixed viscera.............1,650 Consisting approximately of 
lungs (very edematous), 1,000 
gm.; muscle, 250 gm.; spleen, 
125 gm.; one kidney, 150 gm.; 
uterus and ovaries, 125 gm. 


These tissues were ground, boiled in several liters of water, 
made faintly alkaline with NaOH, and almost immediately acidi- 
fied slightly with acetic acid, to ensure solution of uric acid without 
destruction by the action of alkali. The coarser materials were 
strained off through cloth, and reextracted. The extracts were 
filtered hot and concentrated to about 1 liter each, and again 
filtered. As there was much gelatin in the extracts from the 
intestines and the mixed viscera, these were boiled with 7 per 
cent H-SO, (to break up the colloids), then neutralized and 
filtered. 
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All four extracts were then analyzed for uric acid by precipi- 
tating the purines with copper according to the Kriiger-Salomon 
method, and after freeing the purines with H.S they were again 
precipitated with ammoniacal silver chloride. The silver salts 
were decomposed with HCl and the filtrates concentrated to 
about 100 ce. to let uric acid crystallize out. From the mixed 
viscera there separated out 0.097 gm. of typical uric acid crys- 
tals, giving the murexide test characteristically. A few crystals 
resembling uric acid also came out from the blood, but not enough 
to weigh, and this material was not removed from the solutions. 
The HCl was removed from the four solutions by evaporating 
first to a small volume, then to dryness after rediluting several 
times; the solutions were then made up to 200 cc. each, and the 
uric acid was estimated colorimetrically by Folin’s phosphotungstic 
acid method, using uric acid dissolved in pyridine as the standard. 
The figures obtained indicated the presence in the solutions of 
the following amounts of uric acid. 


gm. 

I iby dab wadicln dukesddad aock 0.064 6 mg. per 100 gm. 

 iciice Lids enn. kamalie hed aces 0.044 Bn - 

iki icidlvilate ssh hs 9 anise hs ora Miele 0.0135 ken ee 

gE i ea: Si 0.0225 (after removal of 0.097 
gm. uric acid by crystallization.) 


After making this determination, uric acid was sought directly 
by evaporating the purine solutions to dryness, extracting at 
room temperature with about 200 cc. of water to remove the more 
soluble materials. These water extracts gave no murexide 
test except that from the mixed viscera which gave a faint reaction. 

The insoluble material was dried, dissolved in a minimum 
quantity of concentrated H.SO,, filtered through dry asbestos, 
and diluted with 3 to 4 volumes of water. From the blood was 
obtained a crop of typical uric acid crystals, weighing 0.020 gm.., 
which corresponded with 0.025 gm. in the original material 
when allowance was made for losses by sampling, etc., but with- 
out correction for solubility. | 

From the mixed viscera was obtained a mass of crystalline 
material, which on repurifying yielded 0.069 gm. uric acid. With 
the previous yield from this solution, in all 0.166 gm. pure uric 
acid crystals were obtained. This makes no allowance for losses 
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in the purification, which must have been considerable. All 
fractions had the typical crystalline form, and gave the murexide 
reaction typically. Analysis for nitrogen by Kjeldahl gave 
figures corresponding exactly to pure uric acid. 

It will be noted that although the colorimetric estimation of 
this solution indicated the presence of 22.5 mg. uric acid, there 
were actually recovered 69 mg. From the blood, which was 
estimated colorimetrically as containing 44 mg. uric acid, there 
were recovered 25 mg. 

From the intestine no uric acid could be recovered, although 
colorimetrically this solution was estimated as having the highest 
content, 64 mg., an amount that should have been recovered, 
at least in part. A small amount of guanine and xanthine were 
recovered, neither of which preparation gave either a murexide 
test or an appreciable reaction with the Folin reagent. 

The liver extract also failed to yield any uric acid crystals, as 
might have been expected from the low content indicated colori- 
metrically (13.5 mg.). A small xanthine fraction was obtained 
which gave no murexide test, but did give a slight reaction with 
Folin’s reagent. 

Hence we have positively isolated considerable amounts of 
uric acid from the tissues of a girl suffering from total anuria for 
9 days. Unquestionably the amounts recovered are consider- 
ably less than those actually present. That the uric acid re- 
covered was not- formed through postmortem changes is shown 
by the following facts: (1) The liver, which is the only human 
tissue that has been found capable of oxidizing xanthine to uric 
acid in vitro, contained the least uric acid. (2) Several other 
bodies examined at similar and longer periods after death have 
yielded little or no uric acid by the same methods. It may be 
suggested that the bichloride poisoning may have prevented 
destruction of uric acid. This seems improbable in view of the 
following facts: (1) The chief seat of uricolysis in mammals 
possessing this capacity is in the liver, which is relatively little 
affected by bichloride. (2) The liver of dogs and cats, killed by 
bichloride and other metallic poisons, destroys uric acid apparently 
as well as normal livers.’ (3) The liver loses none of its uri- 


5 Unpublished observations. 
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colytic power in these animals even when the seat of the most 
severe fatty changes that can be produced experimentally.® 
As controls the following analyses were made. 







1. 1,240 gm. of blood were removed from the well preserved body of a 
man, who died of croupous pneumonia, and was autopsied 24 hours after 
death. There were the usual acute renal changes of pneumonia, but no 
chronic nephritis. 

Analysis was conducted by the same method as above, but no uric acid 
coula be isolated. 

2. The body of a colored man who died of generalized tuberculosis, with 
very slight chronic interstitial nephritis, was autopsied 12 hours after 
death, and the following samples taken for analysis: blood, 379 gm., liver, 
1,341 gm., other viscera, 2,173 gm. including intestine (cleaned and washed), 
lungs, spleen, diaphragm, kidneys, and stomach. 

Analysis was conducted as before. From none of these materials could 
any recognizable uric acid be recovered by the most thorough examination 
and reexamination, although definite murexide reactions were given by all 
samples. 

3. Autopsy 5 hours after death of a man dying of uncomplicated lobar 
pneumonia. For analysis used: blood, 790 gm., liver, 1,650 gm., viscera, 
2,070 gm., including the uninvolved lung, kidneys, spleen, muscle, pancreas, 
bladder (washed thoroughly), prostate, testicles, esophagus, rectum 
(washed), and trachea. 

No uric acid crystals could be obtained from the blood. By mistake 
the liver and viscera fractions became united. The insoluble purines 
were purified by Horbaczewski’s method, and 26 mg. pure uric acid crys- 
tals were recovered after twice repurifying. This represented a consider- 
ably larger amount of uric acid actually present, since much must have 
been lost in the repeated repurification. The material gave the typical 
murexide reaction. 

As pneumonia is a disease in which there occurs a high uric acid output? 
because of the destruction of large amounts of leukocytes, and also is 
commonly accompanied by a decreased renal function, the successful 

_demonstration of a small amount of uric acid in this material is not sur- 
prising. 

4. The body of a man dying of a cerebral tumor (glioma) with practic- 
ally no pathological changes elsewhere in the body was examined 9 hours 
after death. The following tissues were analyzed together: liver, 560 
gm., spleen, 120 gm., kidney, 160 gm., intestine, 480 gm., lung, 340 gm. 

Analysis by the same method as before yielded no crystalline uric acid, 
although a good murexide test was given by a portion of the purine solution. 










































6 Wells, H. G., J. Exp. Med., 1910, xii, 607. 
7 Kocher (Deutsch. Arch. klin. Med., 1914, exv, 380) found high figures 
for uric acid in the blood in pneumonia, up to 6.48 mg. per 100. cc. 
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The result of these analyses is definite. After practically 
complete suppression of urine for a period of 9 days, despite a 
practically purine-free diet and approximate fasting during that 
period, the tissues contained relatively large amounts of uric 
acid which could be readily isolated pure in quantities sufficient 
for analysis. In four other bodies of persons dying with either 
approximately normal or but slightly impaired renal function, 
little or no uric acid could be recovered by the same methods. 
It is therefore certain that after complete suppression of urine 
there may occur an accumulation of uric acid in the tissues not 
observed in the bodies of persons whose kidneys are function- 
ing. Such an observation is not in favor of the hypothesis that 
the human body has the power of destroying uric acid, although 
it is by no means conclusive evidence to the contrary. It does, 
however, controvert the evidence advanced by Schittenhelm 
and Wiener that such retention of uric acid does not result from 
suppression of renal excretion. 





THE FATE OF INGESTED STARCH IN PHLORHIZIN 
DIABETES. 


By FRANK A. CSONKA. 
(From the Laboratory of Dr. J. P. McKelvy, Pittsburgh.) 


(Received for publication, July 26, 1916.) 


Glucose given per os to phlorhizinized dogs appears practically 
quantitatively in the urine as shown by Lusk and his collabora- 
tors.! Since starch is hydrolyzed before absorption to glucose, 
it was deemed of sufficient interest to determine the quantitative 
relationship existing between the glucose derived from starch 
and glucose derived from ingested glucose. Wheat flour and 
oatmeal were used in feeding; the amount of flour fed contained 
16 to 20 gm. of starch. 

The carbohydrates present in flour, in addition to starch, are 
cellulose and pentose; both of the latter, as shown by Lusk? and 
by Brasch,* are not glycogenetic. In the following experiments 
it was found that more ‘extra glucose’’ was eliminated than 
could be accounted for by the amount of starch given; the excess 
could easily be explained by the presence of the protein in the 
flour. 


EXPERIMENTAL PART. 


Dogs were used in the experiments. After 2 days of fasting, 
the dogs were given daily subcutaneous injections for 6 days of 
1.2 gm. of phlorhizin suspended in 10 cc. of olive oil. The experi- 
ment was performed on the 5th day of phlorhizination. Periods 
of urine collection were separated by catheterization and wash- 
ing out the bladder with 2.5 per cent boric acid solution. The 
food was prepared by mixing (wheat flour and oatmeal) each 


1 Reilly, F. H., Nolan, F. W., and Lusk, G., Am. J. Physiol., 1898, i, 
395. Csonka, F. A., J. Biol. Chem., 1915, xx, 539. 

* Lusk, G., Am. J. Physiol., 1902, vi, p. xiii. 

* Brasch, W., Z. Biol., 1908, 1, 113. 
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with 200 cc. of water, warming for 30 minutes on the water 
bath, followed by cooling; it was eaten voluntarily by the ani- 
mals. The analysis of the flour used in the experiments is given 
in the following table. 


TABLE I. 
In 100 Gm. of Material. 





Moisture. Starch. Nitrogen. 





Wheat flour 12.14 75.18 1.94 
Oatmeal 11.73 66.24 2.50 

















The moisture was determined in vacuo at 78°C. until a con- 
stant weight was obtained. The starch was determined by con- 
verting it to glucose by boiling with 1.5 per cent solution of HC! 
for 3 hours in a water bath. The nitrogen was estimated by 
the Kjeldahl method and the glucose by the Allihn method. The 
nitrogen and the glucose of the urine were determined respect- 
ively by the Kjeldahl and the Pavy methods; a polariscopic 
control was made for the latter. For the calculation of the 


“extra glucose’ the method of Lusk was employed. The results 
of the feeding experiments are shown in Table II. 


SUMMARY. 


Starch given to completely phlorhizinized dogs isnot utilized 
but is eliminated quantitatively in the urine as “extra glucose.”’ 
There was not observed any difference in the failure to utilize 
the starch of wheat flour and the starch of oatmeal. 
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EXPERIMENTAL STUDIES ON CREATINE AND 
CREATININE. 


V. PROTEIN FEEDING AND CREATINE ELIMINATION IN 
PANCREATIC DIABETES.* 


By WILLIAM C. ROSE. 


(From the Laboratories of Biological Chemistry of the University of Pennsyl- 
vania, Philadelphia, and of the University of Texas, Galveston.) 


(Received for publication, July 10, 1916.) 


The influence of diet on creatine and creatinine elimination has 
been the subject of numerous investigations in recent years. 
Among the earlier contributions were those of Cathcart? in which 
it was shown that the elimination of creatine in man during inani- 
tion is inhibited by the ingestion of carbohydrates. This work was 
subsequently extended by Mendel and Rose,* who advanced the 
theory that carbohydrate metabolism is in some way intimately 
associated with the conversion of creatine into creatinine. As a 
result of this interrelationship between the utilization of carbo- 
hydrates and the conversion of creatine into the anhydride, it was 
pointed out. by Mendel and Rose that all conditions which inter- 
fere with the glycogenic function of the liver, or which render 
the organism unable to oxidize sugar, lead to the appearance of 
creatine in the urine. On the other hand, in man and rabbits, 
the oxidation of fat in the absence of carbohydrates has no influ- 
ence on the creatine elimination during starvation. 


* The earlier papers of this series were published as follows: Mendel, L. 
B., and Rose, W. C., J. Biol. Chem., 1911-12, x, 213, 255. Rose, W. C., 
tbid., 1911-12, x, 265; 1912, xii, 73. A preliminary report of this work was 
presented by title before the American Society of Biological Chemists, 
December, 1914. 

1 Cathcart, E. P., Biochem. Z., 1907, vi, 109. 

* Cathcart, J. Physiol., 1909-10, xxxix, 311. 

® Mendel and Rose, J. Biol. Chem., 1911-12, x, 213. 
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At about the same time that the paper of Mendel and Rose was 
published, Wolf and Osterberg* showed that in fasting dogs the 
feeding of protein likewise inhibits creatine elimination, and Wolf*® 
used this fact as a basis for attacking our theory regarding the 
importance of carbohydrates in creatine metabolism. The writer 
has repeated the experiments of Wolf and Osterberg, and can 
corroborate their findings, despite the fact that the urines in some 
of their experiments were frequently alkaline, indicating the prob- 
ability of decomposition. Protein feeding does inhibit the ex- 
cretion of creatine in normal fasting dogs, but this fact does not 
necessarily invalidate the theory that carbohydrate utilization is 
an all important factor in creatine catabolism.’ It is a well known 
fact that over half the protein ingested may be converted into 
glucose in the body. It is possible that this glucose arising from 
protein 'in metabolism may be the inhibitory agent in creatine 
elimination. 

In order to determine whether the disappearance of creatine 
from the urine in dogs, following the ingestion of protein, is due 
to carbohydrate arising in protein catabolism, it would only seem 
to be necessary to feed protein to diabetic animals. The sugar 
synthesized from protein would then be eliminated in the urine 
and could exert no inhibitory action on creatine excretion. If, 
under such conditions, creatine disappeared from the urine, it 
would be evident that the utilization of the sugar arising in metab- 
olism from the protein of the diet is not the important factor 
in inhibiting creatine elimination in the normal animal. On the 
other hand, if the creatine output were not reduced to nil by 
protein feeding in the diabetic dog, proof would be conclusive 
that similar feeding in the normal fasting animal is effective 
because of this carbohydrate synthesized from protein. Such 
were the theoretical considerations which actuated the present 
investigation. 

The experiments herein reported were begun during the spring 
of 1912. Unavoidable circumstances have delayed the continu- 
ance of the investigation. We realize that the experiments which 
we now present are rather limited in number, but since beginning 


‘Wolf, C. G. L., and Osterberg, E., Biochem. Z., 1911, xxxv, 329. 

5 Wolf, C. G. L., J. Biol. Chem., 1911-12, x, 473. 

* It will be shown in the next paper that, contrary to the gereral belief, 
protein feeding in starving man likewise inhibits creatine elimination. 
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the work an interesting paper by Benedict and Osterberg’ has 
appeared, the results of which have a direct bearing on the ques- 
tion at issue, and because of the similarity of our results to those of 
Benedict and Osterberg, it seemed unnecessary to us to make a 
greater number of experiments. 


EXPERIMENTAL PART AND DISCUSSION. 


: The investigation was made upon dogs rendered diabetic by 
complete extirpation of the pancreas. The operations were per- 
formed under ether anesthesia by Dr. J. E. Sweet of the Univer- 
sity of Pennsylvania, and Dr. F. W. Aves of the University of 
Texas, to whom the writer acknowledges his indebtedness. The 
animals recovered rapidly from the effects of the incisions. In no 
case was there indication of infection in the region of the wound. 

An attempt was made to feed freshly precipitated casein as the 
protein, but the animals refused to eat sufficient amounts of this 
material, and a diet of scrambled eggs, or ground beef heart washed 
free from creatine and creatinine was substituted. Both the 
egg and beef heart, though containing some fat, constituted satis- 
factory diets for the purpose of the investigation, since it has been 
repeatedly shown that fat has no inhibitory action on creatine 
elimination (Cathcart,? Mendel and Rose,’? and Wolf and Oster- 
berg*). 

Total nitrogen was determined by the Kjeldahl-Gunning 
method, glucose by the rotation of polarized light before and after 
fermentation, and creatinine by the Folin method. In Experi- 
ments 1, 2, and 3, creatine was estimated by the autoclave method 
of Myers. It has been shown elsewhere’ that in the presence of 
considerable sugar the estimation of creatine by the Myers method 
gives too high results, and phosphoric acid was suggested as the 
dehydrating agent instead of hydrochloric acid, owing to the fact 
that the former does not lead to pigmentation. This method, 
which has been used by the writer in hundreds of determinations 
during the past four years, gives thoroughly satisfactory results in 
human urine provided the directions are followed, but, as pointed 
out in the original paper, is not applicable to the urine of dogs. 


7 Benedict, S. R., and Osterberg, E., J. Biol. Chem., 1914, xviii, 195. 
® Rose, J. Biol. Chem., 1912 xii, 73. 
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The figures representing urinary creatine in Experiments 1, 2, 
and 3 are probably somewhat too high, but, since the error is 
practically the same in all of the tabulated results of analyses, the 
data are not invalidated as pertaining to an increase or decrease 
in creatine excretion. In Experiment 4 the original water bath 
procedure of Folin was used for the conversion of creatine into 
creatinine. This method gives much less pigmentation in the 
presence of sugar than does the autoclave procedure. The crea- 
tine data in Experiment 4 should, therefore, be very near theo- 
retical values. 

The analytical results are shown in the tables. The figures do 
not represent exactly twenty-four hour excretions. Owing to the 
danger of injury to the wounds in removal of the animals from the 
cages and in catheterization, the urine which was voluntarily 
eliminated each day was taken for analysis. Hence, the absolute 
amounts of creatine and creatinine are less instructive than are 
the figures in the last columns representing the per cent of the 
total creatinine eliminated as creatine. 


TABLE I. 


Experiment 1. Dog 1. Pancreas Removed Feb. 10. 





Reaction 
to 
litmus 
Total 
creatinine. 

Preformed 
creatinine. 
Creatine as 
creatinine. 
Creatine as 
creatinine.* 








ce. gm. gm. gm. 


640 | Acid.| 13.83/49.0) 3.5)1.62 
Urine contaminated with feces. 
13 815 | Acid.| 14.52/46.0 0.87 
14 1,060 24 15.80/41.6 0.86 
15 905; “ 12.40)32.1 0.57 
16 1,570; “ 12.30/45.0 0.72 
17 1,375| “ 12.20/34.5 0.64 
18 750 « 11.30)/27.0 0.93 
19 665 o 9.00/20.8 1.01 
20 1,400! “ 14.30/42.3 0.91 
21 ai. 11.40|34.7 0.87 
22 Experiment discontinued. 
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* The figures in this column represent the per cent of the total creatinine 
which was eliminated as creatine. 
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TABLE Il. 
Experiment 2. Dog 3. Pancreas Removed Feb. 24. 


y 





Z. 
o 


Reaction 
to 
litmus 
Total 
creatinine. 
Preformed 
creatinine. 
Creatine as 
creatinine. 
Creatine as 
creatinine. * 








3% 


cc, gm. 


340} Acid.| 6.51/19.9) 3.1/0.80)0.30)0.50 No food. 

910; “ 9.78/29.1) 3.0'0.80/0.32/0.48 11 eggs. 

1,000! “ 11.34/33.7! 3.0:0.57/0.3010.27147.41 13 “ 

-Urine contaminated and not analyzed. Animal died in con- 
vulsions on Feb. 29. 
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* The figures in this column represent the per cent of the total creatinine 
which was eliminated as creatine. 


TABLE ITI. 
Experiment 3. Dog 4. Pancreas Removed Feb. 24. 





Z. 
o 


a 
° 
& 
= 
3 
© 
FR 


Reaction 
Total 
creatinine. 

Preformed 
creatinine. 
creatinine. 

ee ° 








per 
gm. gm. cont 


6.42 | 7.8) 1.2/1.33)0.58/0.75|56.4| No food. 
26 5.56 (11.5) 2.1/0.94/0.41/0.53)56.4) 5 eggs. 
27 2: 4.26 |10.6) 2.5)0.45)0.21/0.24/53.3) Animal refused 
to eat. 
22 | Experiment discontinued. Animal died Mar. 7. 


by 
3 
o 
3 



































* The figures in this column represent the per cent of the total creatinine 
which was eliminated as creatine. 


Experiment 1 is conclusive in showing that the feeding of 
large quantities of protein to diabetic dogs does not cause the 
disappearance of creatine from the urine as does similar feeding in 
normal fasting animals. Experiments 2 and 3 show the same 
fact, but are less conclusive owing to the short duration of the 
experiments. Animal 3 died on the 5th day after the operation, 
and Animal 4 refused to eat any form of protein after the 2nd day, 
thus necessitating the discontinuance of the experiment. Suf- 
ficient data are shown here, however, to prove our contention, 
especially in view of the results obtained by Benedict and Oster- 
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berg’? working on dogs with phlorhizin diabetes. These investi- 
gators found that by feeding sufficient protein, the nitrogen loss 
of the tissues could be completely balanced without causing the 
disappearance of creatine from the urine. Both the present paper 
and that of Benedict and Osterberg furnish additional evidence 
that the “‘examples of the independence of the creatine excretion 
of the carbohydrate metabolism’”’ described by Wolf® are not as 
forceful as one would be led to believe. Undoubtedly, carbohy- 
drate utilization is a most important factor in creatine metabolism. 

It is interesting in this connection to observe the effect of pro- 
tein feeding in Experiment 4. This animal was operated upon for 
the complete removal of the pancreas on Dec. 11. As will be 
seen from the protocols, the urine of the next day showed a G: N 
ratio of 2.5, and 58.5 per cent of the total creatinine in the form of 
creatine. Both the amount of creatine and the G: N ratio gradu- 
ally diminished in this animal until on the last day of the experi- 
ment (Dec. 20) the G: N ratio was 1.1, and the per cent of the 
total creatinine eliminated as creatine had dropped to 16.7. On 
Dec. 20 the animal was returned to the pens. He lived for over a 
month after the experiment was discontinued, dying on Jan. 24 


TABLE IV. 


Experiment 4. Dog&. Pancreas Removed Dec. 11. 





> 


Total 
creatinine. 


Zz 
oS 


Reaction 
to 
litmus 
Preformed 
creatinine. 
Creatine as 
creatinine. 
Creatine as 
creatinine.* 











ce. gm. | gm. 


435 | Acid.|5.39/13.3/2. : .5| No food. 
13 560 “« 17.35)16.8)2. 0.25)/0.32/56.1) 100 gm. beef heart. 
Urine contaminated. —. * ” 


17 700 | Acid.|5.93/12.6|2.1/0.27|0. 18|0.09/33.3 ren 


100 gm. beef heart. 
7 eggs. 


oo 
3 
23 





oS 
St 
SO ww 
S 3 
% 








18 940; “ |7.39)12.5)1.7/0.28)0.22/0.06)21.4 


19 1,000; “ (6.55) 8.0)1.2}0.25)0.20/0.05)20.0) 4 eggs. 
20 560; “ |3.86) 4.2)1.1/0.18/0.15)0.03\16.7| No food. 
21 Experiment discontinued. Animal died Jan. 24, 1915. 



































* The figures im this column represent the per cent of the total creatinine 
which was eliminated as creatine. 
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in a very emaciated condition. Autopsy showed the presence 
of a small amount of pancreatic tissue, which was identified by 
the microscopic examination of sections. The liver was fatty, 
and the upper portion of the duodenum was hypertrophied and 
hardened. Evidently the small amount of pancreatic tissue re- 
maining in the abdominal cavity was sufficient to render the ani- 
mal capable of oxidizing the major portion of the sugar arising 
from proteins, and the catabolism of this sugar was stfficient to 
diminish markedly the output of creatine. 

Although the creatine output in completely depancreatized dogs 
is not reduced to zero by protein feeding, still there is a perceptible 
decrease in the quantity excreted. It will be observed that in 
Experiment 1 the per cent of the total creatinine eliminated as cre- 
atine fell from 66.7 on the 11th to 54.7 on the 17th. On the 18th 
and 19th, when the animal received no food, the creatine increased 
to 75.2 per cent of the total creatinine, and again fell the next 
day with feeding to 70.3 per cent. On the last day, although the 
animal received the largest ingestion of protein of the experiment, 
the creatine output increased to 77.0 per cent of the total creati- 
nine. At first glance this appears to display a lack of uniformity 
in the data, but just preceding death in diabetes or starvation, the 
creatine cannot be reduced even by the ingestion of large quanti- 
ties of carbohydrates.° This is probably due to a greatly increased 
formation of creatine coincident with the excess tissue catabolism. 
Just as we have a premortal rise in the output of nitrogen, so 
there occurs a premortal increase in creatine elimination. 

Aside from the difference in the behavior of the creatine output 
immediately preceding death, our animals always showed a slight 
decrease in the relative amounts of creatine excreted following 
protein feeding, but never were we able to induce the entire dis- 
appearance of creatine from the urine. In the shorter experi- 
ments (2 and 3) these facts are recorded just as in the experiment 
of greater duration. A glance at the data obtained by Benedict 
and Osterberg’ shows that the ingestion of large amounts of pro- 
tein by dogs with phlorhizin diabetes produces practically no 
diminution in the creatine output. We believe that the difference 
in the results obtained by these authors and by ourselves in regard 
to the creatine output is due entirely to the form of diabetes 


® Mendel and Rose, J. Biol. Chem., 1911-12, x, 228, 229. 
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induced in the two series of experiments. The G:N ratio in 
phlorhizin diabetes as shown by Lusk is 3.65: 1, and this is be- 
lieved to represent the maximum sugar formation from protein. 
Phlorhizinized animals with such ratios are, therefore, quantita- 
tively eliminating all glucose arising in protein catabolism. On 
the other hand, it is well known that the G: N ratio after extirpa- 
tion of the pancreas is usually 2.8:1. Animals with such ratios 
are probably eliminating only about 77 per cent, and are utilizing 
23 per cent of the glucose arising from protein. In an endeavor 
to explain these two types of ratios, Mandel and Lusk’® assumed 
the existence in blood of two forms of sugar which they termed 
a-colloid glucose and £-colloid glucose, the former being that 
amount of glucose represented by the ratio 2.8: 1, and the latter 
the additional sugar eliminated when the ratio is 3.65:1. If this 
hypothesis is correct, the utilization of the 8-glucose is probably 
responsible for the slight reduction in the outputof creatine fol- 
lowing protein feeding in pancreatic diabetes. We believe that 
the behavior of the creatine output following protein feeding in 
phlorhizin diabetes on the one hand, and after complete removal 
of the pancreas on the other, furnishes the most conclusive proof 
yet adduced of the interdependence of the creatine excretion and 
the carbohydrate metabolism. 


CONCLUSIONS. 


1. Protein feeding in dogs after complete extirpation of the 
pancreas does not lead to the disappearance of creatine from the 
urine as does similar feeding in normal fasting animals. 

2. While protein feeding does not reduce the creatine output to 
zero, there is a slight decrease in the amount eliminated, which is 
attributed to the utilization of that amount of sugar represented 
by the difference between the ratios 3.65: 1 and 2.8: 1 (8-glucose 
of Mandel and Lusk). 

3. The behavior of the creatine elimination in phlorhizin and 
pancreatic diabetes offers additional, and we believe conclusive 
proof of the dependence of the creatine elimination upon the car- 
bohydrate utilization. 


10 Mandel, A. R., and Lusk, G., Deutsch. Arch. klin. Med., 1904, Ixxxi, 
491. 
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It has been generally accepted since the work of Cathcart! 
that the feeding of protein to fasting man exerts no influence on 
the output of creatine. A similar conclusion for starving rab- 
bits was drawn from a limited number of experiments by Men- 
del and Rose.* In view of our observation and that of others* 
concerning the marked reduction in urinary creatine in fasting 
dogs following the ingestion of protein, it seemed desirable to 
further investigate this question in man. If the explanation of- 
fered in a previous paper‘ concerning the disappearance of crea- 
tine is correct, namely, that it is the glucose arising in protein 
catabolism which is responsible, then a similar reduction should 
occur in man under the same conditions. If one examines the 
paper of Cathcart,! it will be observed that the subjects of his 
experiments fasted for very short periods of time (usually 40 
hours), and ingested the experimental diets over periods of cor- 
respondingly short duration. It is our experience that it is dif- 
ficult to obtain thoroughly reliable data concerning fasting unless 





















“A preliminary report of this work was presented by title before the 
American Society of Biological Chemists, December, 1914. 

‘ Cathcart, E. P., J. Physiol., 1909, xxxix, 311. 

* Mendel, L. B., and Rose, W. C., J. Biol. Chem., 1911-12, x, 213. 

? Wolf, C. G. L., and Osterberg, E., Biochem. Z., 1911, xxxv, 329. Bene- 
dict, S. R., and Osterberg, E., J. Biol. Chem., 1914, xviii, 195. 

* Rose, W. C., J. Bial. Chem., 1916, xxvi, 331. 
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the experiments are continued for several days. , We have, there- 
fore, subjected two individuals to periods of fasting for 3} to 4 
days followed by periods of protein feeding for 3 to 4 days. 

The experiments herein reported were made upon healthy men, 
one a graduate fellow in this department, and the other a student 
in the School of Medicine. The analytical procedures applied 
were the Kjeldahl-Gunning method for total nitrogen, and the 
original Folin methods for creatine and creatinine. The diet 
consisted of eggs, usually scrambled or boiled, but occasionally 
ingested in the raw state. Such a diet, of course, contains con- 
siderable fat, but it is universally admitted that the feeding of 
fat has no influence on creatine elimination in starvation." ® * 
The results of the experiments are detailed in Tables I and II. 


TABLE I. 
Experiment 1. Subject, F. W. D. 





Pre- | Crea- 
veene Reac - os = tine as 


a a creat- 
urine. nine. inine. 





gm. gm. ; gm. 
10.16) 1.60 0.11 No food. tf 
13.15] 1.56 | 1.27 | 0.29 « * « 

13.69! 1.81 a 0.58 
23.10) 1.87 0.46 
2,700 29.19) 1.57 


3,5€0 | “ 30.24) 1.53 





























Experiment discontinued. 





* The upper series of plus or minus signs indicate approximately the 
intensity of the acetone tests, while the lower series refer in like manner to 
the intensity of the tests for diacetic acid. Tests for protein and sugar 
were negative throughout. 

t Last meal was eaten at noon Nov. 27. 

t Determinations of acetone and diacetic acid for this day showed the 
presence of 0.87 gm. of the former, and 1.53 gm. of the latter. 
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TABLE II. 
Experiment 2. Subject, P. N. C. 





Pre- Crea- 
formed) tine as 
creat- | creat- 
_inine. 


Total 
creat- 
inine. 


Volume} Reac- 
of tion to 
urine. | litmus. 


Body 


Total 
weight. N. 











990 3. . : 0.46 


1,830 20.98) 1.! 28 | 0.26 |* 


2,590 22.24) 1. .36 | 0.11 _— > 


— 








| 2,485 67| 1.48 | 1.38 | 0.10 04 


} 


1,375 8.19} 1.46 | 1.37 | 0.09 | 90 gm. 
65.1 | Experiment discontinued. sucrose. 


! 
































*The upper series of plus or minus signs indivate approximately the 
intensity of the acetone tests, while the lower series refer in like manner to 
the intensity of the tests for diacetic acid. Tests for protein and sugar 
were negative throughout. 

+t Last meal was eaten at 8 p.m. Nov. 14. 


It will be observed that in both experiments the feeding of 
large quantities of protein in the form of eggs very promptly re- 
duced the creatine output. In Experiment 1, creatine entirely 
disappeared from the urine on the 3rd feeding day. In Experi- 
ment 2, the urine still contained 0.10 gm. of creatine expressed as 
creatinine on the 4th day of protein feeding, which amount was 
less than one-fourth that excreted before protein was ingested. 
The subject of the experiment had developed such a distaste 
for eggs that it was impossible for him to continue longer with 
this form of diet. If the carbohydrate arising from protein in 
catabolism is responsible for the conversion of creatine into 
creatinine and the consequent disappearance of the former from 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXVI, NO. 2 
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the urine, then the ingestion of that amount of carbohydrate 
which would be synthesized by the organism from twenty-four 
eggs such as were ingested on the 21st should produce no greater 
reduction in creatine than did the eggs themselves. We have 
calculated this quantity basing our calculations on the generally 
accepted assumption that 58 per cent of the protein molecule 
may be transformed into glucose. If such be the case, twenty- 
four eggs would yield approximately 90 gm. of glucose. On the 
22nd the subject in Experiment 2 received 90 gm. of carbohydrate 
in the form of sucrose. This was ingested in small amounts of 
about 5 to 6 gm. per hour throughout the day, in order to simu- 
late as near as possible the conditions as regards available car- 
bohydrate which were operative on the preceding day during the 
protein feeding. The result is shown in the table. It will be 
noted that the creatine output is practically identical (within 
the limits of accuracy of the analytical methods) with that of 
the 21st. Undoubtedly, if this individual had been able to in- 
gest as many eggs as did the subject in Experiment 1, the creatine 
here also would have disappeared entirely from the urine. 

It has been claimed by several investigators’ that the presence 
of acetone and diacetic acid in the urine in starvation and dia- 
betes renders the estimation of creatine and creatinine inaccurate. 
We believe that the amounts of these bodies ordinarily present 
in starvation and diabetic urines are quite without effect on cre- 
atine-creatinine readings provided the urines are allowed to stand 
for at least 5 minutes after the addition of picric acid and alkali 
before diluting. Indeed, data were presented in a former paper 
by one of us® in proof of this fact. Nevertheless, to avoid the 
possibility of a criticism of our creatine data by those who claim 
that all apparent creatine values are in reality due to errors in 
the method incident to the presence of diacetic acid,’ we have 
made a series of tests to demonstrate the influence of acetone and 
diacetic acid on creatinine readings. The urine of Nov. 30 in 


§ Greenwald, I., J. Biol. Chem., 1913, xiv, 87. Catheart, Ek. P., and Orr, 
J. B., J. Physiol., 1914, xlviii, p. xxi. Krause, R. A., J. Physiol., 1914, 
xlvili, p. xli. 

* Rose, J. Biol. Chem.. 1912, xii, 73. : 

7 Graham, G., and Poulton, 1°. P.. Proc. Roy. Soe., Series B, 1914. Ixxxvii, 
205. 
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Experiment 1 was analyzed for acetone bodies, and found to con- 
tain 0.87 gm. of acetone, and 1.53 gm. of diacetic acid. A nor- 
mal urine containing no creatine was then diluted until analyses 
showed it to contain approximately the same amount of creati- 
nine as did an equal volume of the experimental urine of the 30th. 
To portions of the normal urine were then added varying amounts 
of acetone and diacetic acid, and the prepared specimens analyzed 
for creatinine. The results are shown in Table III. It will be 
observed that in no case were there greater differences in the 
average creatinine readings than might occur in several analyses 
of the same urine in the absence of acetone bodies. Without doubt 
figures representing creatine in our protocols are not erroneous values 
due to the presence of acetone or diacetic acid. 


TABLE III. 


Experiment 3. Influence of Acetone Bodies on Creatinine Readings. 





Acetone per 3,000 cc. | Diacetic acid per 3,000; Average creatinine Creatinine per 3,000 
of urine. ec. of urine. readings. ec. of urine. 





gm. ‘ mm gm. 


0 6.78 


0.87 5s 6.90 
2.00 3.00 | 6.89 
4.00 7 6.84 | 














No explanation can as yet be offered for the observation of 
Mendel and Rose? that fasting rabbits as contrasted with fasting 
dogs and men display no diminution in the output of creatine 
following protein feeding. It can scarcely be a question of failure 
in protein utilization in rabbits, since the animals showed a 
markedly increased output of total nitrogen.’ On theother hand, 
one cannot assume that the transformation of amino-acids into 
sugar is more difficult for the herbivorous than for the carnivor- 
ous or omnivorous organism to accomplish. Further experi- 
ments are necessary to elucidate this point. 


® Mendel and Rose, J. Biol. Chem., 1911-12, x, 238, 239. 
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CONCLUSIONS. 


1. Contrary to the generally accepted idea, protein feeding in 
starving man promptly reduces the creatine output to nil. 

2. The amount of acetone bodies present in the urine during 
short fasts (3 to 4 days) is not sufficient to render the creatine- 
creatinine figures unreliable. Four times the quantities of ace- 
tone and diacetic acid eliminated in the present experiments 
were entirely without effect upon the creatinine readings. 
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It has been shown independently by Folin! and Klercker? that 
small amounts of creatine when added to the diet fail in part or 
entirely to reappear, while large amounts may lead to the presence 
of creatine in the urine. They were unable to demonstrate any 
conversion of creatine into creatinine, as was also Lefmann.* 
Other investigators, notably van Hoogenhuyze and Verploegh,‘ 
Pekelharing and van Hoogenhuyze,®> Foster and Fisher,’ Towles 
and Voegtlin,? and Myers and Fine,** are agreed that creatine 
introduced per os or parenterally is slightly converted into creati- 
nine, and is largely excreted unchanged in the urine. By what- - 
ever avenue introduced creatine is never quantitatively recovered 
either unchanged or in the form of creatinine. 

In explanation of the apparent disappearance of creatine, Folin! 
early suggested the possibility of its serving as a food and being 


‘ Folin, O., Hammarsten’s Festschrift, Upsala, 1906, pt. iii. 

* Klercker, K. O., Beitr. chem. Phys. u. Path., 1906, viii, 59; Biochem. Z.., 
1907, iii, 45. 

* Lefmann, G., Z. physiol. Chem., 1908, lvii, 476. 

*Van Hoogenhuyze, C. J. C., and Verploegh, H., Z. physiol. Chem., 
1908, lvii, 161. 

° Pekelharing, C. A., and van Hoogenhuyze, C. J. C., Z. physiol. Chem., 
1910, Ixix, 395. 

5 Foster, N. B., and Fisher, H. L., J. Biol. Chem., 1911, ix, 359. 

7 Towles, C., and Voegtlin, C., J. Biol. Chem., 1911-12, x, 479. 

5’ Myers, V. C., and Fine, M. S., J. Biol. Chem., 1913-14, xvi, 169. 

* Myers and Fine, J. Biol. Chem., 1915, xxi, 377. 
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stored. He states that, particularly in individuals on a low nitro- 
gen diet, creatine in amounts less than 5 gm. is completely re- 
tained by the body. More recently Myers and Fine’ and Folin 
and Denis!® have adduced data indicating that ingested creatine 
is partly stored in the muscles. In the experiments of Myers and 
Fine, analyses of the muscle tissue showed that the slight increase 
in creatine content (about 5 per cent), following the subcutaneous 
administration of creatine, was quite insufficient to account for 
that which did not reappear in the urine. Other investigators 
(Nawiasky," and Twort and Mellanby'’) have attributed the 
apparent disappearance of creatine in feeding experiments to 
bacterial decomposition in the alimentary tract. Plimmer, Dick, 
and Lieb, in experiments in man, found that 2.5 gm. of creatine 
had to be given by mouth before any could be recovered in the 
urine. Without question creatine can be readily disintegrated by 
alimentary bacteria, but it seems unlikely that this is the sole 
explanation of its disappearance in feeding experiments in view 
of the fact that, when introduced parenterally, relatively large 
amounts still fail to reappear in the urine. 

Feeding experiments with creatinine show that it is largely but 
not entirely eliminated unchanged in the urine. Towles and 
Voegtlin’ report that occasionally after administering creatinine 
to normal and Eck fistula dogs creatine also appeared in the urine, 
and this observation suggested the possibility of creatine dehydra- 
tion being a reversible reaction in the animal organism. Myers 
and Fine,® however, were unable to detect creatine in the urine 
following the administration of creatinine, but report that the 
creatine content of the muscles was increased. They state that, 
“In three experiments the creatine content was found to be 
about 6 per cent above the normal, an amount sufficient to ac- 
count for the creatinine not eliminated by the kidneys.” 

It has been assumed by many investigators (Pekelharing, 
and Towles and Voegtlin’) that the disappearance of creatine in 


10 Folin, O., and Denis, W., J. Biol. Chem., 1914, xvii, 493. 

1 Nawiasky, P., Arch. Hyg., 1908, Ixvi, 209. 

2 Twort, F. W., and Mellanby, E., J. Physiol., 1912, xliv, 43. 

‘3 Plimmer, R. H. A., Dick, M., and Lieb, C. C., J. Physiol., 1909-10, 
XXXix, 98. 

‘4 Pekelharing, C. A., Z. physiol. Chem., 1911, lxxv, 207. 
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feeding and injection experiments is due to partial destruction, 
possibly with the formation of urea. Indeed, Mendel and Rose! 
suggested the possibility of urea formation some years ago, though 
no experimental data were adduced in support of this supposition. 
The work of Folin and Denis" indicates that this idea is probably 
at fault. These investigators, from the results of analyses of 
blood and tissues following the absorption of creatine from a 
ligated segment of the gut, were able to demonstrate that none 
of the absorbed creatine was transformed into urea under the 
conditions of their experiments. The present paper furnishes ad- 
ditional data concerning the question of urea formation from crea- 
tine and creatinine. 


EXPERIMENTAL PART. 


The plan of the investigation was to feed excessively large 
doses of creatine and creatinine to individuals in nitrogen bal- 
ance, and observe the effect on urinary composition, particularly 
with reference to the output of urea. The authors served as sub- 
jects for the experiments. The composition of the daily diets is 


shown in Tables I and II. Diet A was ingested by subject W. 
C. R. (Table III), and Diet B by subject F. W. D. (Tables IV 
and V). 

TABLE I. 


Diet A. 





Morning. Noon. Evening. 





Shredded ae 
Butter........ 2 ae 
Bananas Bananas 
Strawberry Strawberry 

j Se TA os 56% 








Milk 





‘5 Mendel, L. B., and Rose, W. C., J. Biol. Chem., 1911-12, x, 213. 
‘6 Folin and Denis, J. Biol. Chem., 1912, xii, 141. 
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TABLE II. 
Diet B. 








Morning. ; Evening. 





Shredded y 
wheat So eee ee 
Bananas ; Bananas...... Bananas....... 
I 5660 5 Strawberry Strawberry 
A c. j Lae 











The urines were always collected at the end of twenty-four 
hour periods, and were analyzed on the day of collection. Total 
nitrogen was estimated by the Kjeldahl-Gunning method, and 
creatine and creatinine by the original methods of Folin. In 
Experiment 1 ammonia nitrogen was estimated by the Folin 
method. In Experiments 2 and 3 urea nitrogen and ammonia 
nitrogen were estimated by the procedure of Van Slyke and Cul- 
len.'? The creatine and creatinine used for feeding were prepared 
by the methods of 8S. R. Benedict.'* The creatine preparations 
gave no reaction with picric acid and alkali before hydrolysis, 
and uniformly showed a nitrogen content of within 0.07 per cent 
of the theoretical value. The creatinine preparation analyzed 
100.2 per cent by the colorimetric method. 

The results of the experiments are tabulated in Tables III to 
V. In Experiment 1 ‘(Table III) it was impossible to follow the 
urea output owing to the fact that all of the methods for its esti- 
mation known at the time this experiment was made gave results 
much too high in the presence of large quantities of creatine. In 
Experiments 2 and 3, made more recently, the daily output of 
urea nitrogen is shown. Preliminary tests indicated that crea- 
tine and creatinine, even when present in 2 per cent concentra- 
tions, failed to interfere in the least with the accuracy of the Van 
Slyke-Cullen method. 


17 Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1914, xix, 211. 

18 Benedict, S. R., J. Biol. Chem., 1914, xviii, 183. The creatine used in 
Experiment 1 was prepared according to directions furnished by Professor 
Benedict in a private communication. The writer takes this opportunity of 
expressing his indebtedness for the use of this admirable method before its 
publication. 
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It will be observed (Tables IV and V) that the feeding of very 
large quantities of creatine (20 gm.) or creatinine (16 gm.) pro- 
duces no appreciable effect upon the output of urea nitrogen. It 
is true that in both experiments, particularly after the adminis- 
tration of creatine, there was a slight rise in the output of urea 
nitrogen, but this rise was not sufficient to account for the crea- 
tine or creatinine which failed to reappear, or to indicate that 
urea is a catabolic product of these substances. It is more likely 
that the slight rise in urea output represents a partial deamina- 
tion of creatine and creatinine through bacterial action in the 
gastro-intestinal tract rather than a specific catabolic function of 
the body cells. We believe that these data indicate that the 
theory accepted without direct proof by so many investigators, 
namely, that creatine and creatinine are destroyed in the body, 
is without foundation in fact. Our experiments corroborate the 
conclusions regarding urea formation from creatine reached by 
Folin and Denis'® using other methods of investigation. On the 
other hand we are unable to agree with these authors in their 
contention that creatine is not transformed into its anhydride in 
the animal organism. In both Experiment 1 and Experiment 2 a 
very perceptible rise in urinary creatinine was observed after the 
administration of large doses of creatine, and this rise was pro- 
gressively greater as the dose of creatine was increased. In 
™xperiment 1 the creatinine output increased from an average of 
1.34 gm. per day in the fore-period to 1.83 gm. after 20 gm. of 
creatine were introduced, or an actual increase of 0.49 gm. In 
Experiment 2 the rise in output was from an average of 1.63 gm. 
to 1.93 gm., or an increase in actual amount of 0.30 gm. In 
view of the constancy in the creatinine output on a fixed diet, 
we believe these increases represent very decided ability on the 
part of the body to convert creatine into creatinine. Nor do we 
believe that these increases in urinary creatinine can be explained 
as suggested by Folin and Denis by a kind of saturation of the 
muscles with creatine, thereby resulting in the liberation of muscle 
creatinine. If such were the mechanism, it seems probable that 
the muscles would absorb creatine to the saturation point, and 
liberate the maximum amount of endogenous creatinine after 
doses of far less than 20 gm. of creatine. Judging by the output 
of unchanged substance, 5 gm. of creatine are considerably more 
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than the muscles are inclined to absorb. We believe that the 
only logical deduction from these data is that a portion of the 
exogenous creatine was transformed into creatinine and elimi- 
nated in the urine. 

In Experiment 3 we were unable to detect any conversion of 
creatinine into creatine. Apparently the dehydration of creatine 
is not a reversible reaction in man. Approximately 80 per cent 
of the creatinine was recovered unchanged in the urine after the 
introduction of 16 gm. The remaining 20 per cent failed to re- 
appear in any form. 


CONCLUSIONS. 


1. The ingestion of large doses (20 gm.) of creatine in man leads 
to a very perceptible increase (0.30 to 0.49 gm.) in the output of 
creatinine. ‘This increase in urinary creatinine is attributed to a 
conversion of creatine into its anhydride, and not to an increase 
in the output of endogenous creatinine. 

2. The ingestion of large doses (16 gm.) of creatinine is not 
followed by the appearance of creatine in the urine. This indi- 
cates that the reaction Creatine — Creatinine + Water is probably 
not a reversible one in the human organism. 

3. No evidence was obtained indicating a transformation of crea- 
tine or creatinine into urea by the body cells. On the contrary, 
urea is probably not a catabolic product of these substances. 








THE RELATION BETWEEN THE CONFIGURATION AND 
ROTATION OF EPIMERIC MONOCARBOXYLIC 
SUGAR ACIDS. II.* 


By P. A. LEVENE anv G. M. MEYER. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, July 5, 1916.) 


The theoretical considerations that led up to the present work 
were discussed in a previous communication. On the ground of 
Hudson’s investigations! one feels secure in accepting at least 
for the sugar series the validity of the superposition theory of the 
molecular optical rotation. On the basis of this assumption every 
pair of epimeric sugar acids may be graphically expressed as: 


COOH COOH 


HCOH and HOCH 


R R 


and the rotation of the radical 


COOH 


| 
CHOH 


may be accepted = + A, and that of R = + B. Accepting 
M = the empirical specific rotation of one form, and N = 
that of the epimer, then the rotatory power of A may be caleu- 


lated to be = 


2 
If this rule could be proven true for the known sugar acid it 
could serve for the determining of the structure of the higher syn- 


* Levene, P. A., J. Biol. Chem., 1915, xxiii, 145. 
‘ Hudson, C. S., J. Am. Chem. Soc., 1909, xxxi, 66; 1910, xxxii, 338; 1911, 
xxxlii, 405. 
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thetic sugars, and also for some natural sugars the structure of 
which is not completely worked out. 

Furthermore, it was hoped also on the basis of Hudson’s ex- 
perience with glucosides and polysaccharides that radical A 
would be found to have a constant or nearly constant value for the 
salts of all acids with the same base. In a way this expectation 
was borne out by the values found by Nef? for the specific rota- 
tion of the brucine salts of xylonic and lyxonic acids, and of strych- 
nine salts of the gluconic and mannonic, and of gulonic and idonic 
acids. For the first pair A was found to equal + 4.43, for the 
second + 3.97, and for the third + 4.38. 

If this rule were found to hold for all known acids, it could be 
applied as a basis for purification of those acids the purity of 
which has as yet not been established. 

In the hexonie acid series one pair of epimers is obtained in 
form of their crystalline lactones (gluconic and mannonic). The 
two corresponding parent substances are naturally occurring and 
crystalline sugars, glucose and mannose. The purity of these 
two need not be questioned. The same applies to galactonic acid. 
This crystallizes in the form of its lactone, which is derived from 
a crystalline sugar. Also gulonic and allonic acids crystallize in 
the form of lactones, the purity of which is certain. On the 
other hand, talonic (epimer to galactonic), idonic (epimer to 
gulonic), and altronic (epimer to allonic) have not been crystal- 
lized, and were obtained each from a mixture of the two epimers. 
The purity of these three acids is not certain. 

At the outset of the-work it was planned to purify these three 
acids until the values for A reached in each a constant value 
equal to that of the gluconic-mannonic pair. The difficulty of the 
task lay in the fact that it was not possible to find a mineral 
base which formed crystalline salts with all the acids. Because 
of this it was concluded to measure the rotation of the sodium 
salts. These could not be obtained in crystalline form; but it 
seemed an easy task to obtain these salts in solutions of known 
concentration. This actually was attained. But the sodium 
salts do not furnish a means of purification of the acids, and 
therefore there is no assurance that the solutions employed were 
pure in every instance. 


2 Nef, J. U., Ann. Chem., 1914, ediii, 204. 
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On the other hand, it was found that brucine formed crystal- 
line salts with all hexonic acids, and it seemed that these salts 
could serve the double purpose of purification and of measur- 
ing A for all acids under identical conditions. However, a 
difficulty was encountered here also in the fact that the brucine 
salts readily formed mixed crystals with brucine. Analytically 
the presence of brucine could not be detected. In fact there is 
reason to believe that brucine salts of the three non-crystalline 
acids have not yet been obtained in pure form. Notwithstand- 
ing this the general rule of the direction of the optical rotation 
of A was found to hold good for the brucine salts of all acids; 
namely, in acids having the same configuration of the a carbon 
atom as in d-gluconic the sign was plus, in those corresponding 
to d-mannonic it was minus. As regards the magnitude of the 
rotation it was found 4.6 for one pair and 3.38 for the second, 
and for the other three pairs the values were below these two. 
In the series of the sodium salts the direction of the rotation of 
A was found to obey the general law. The magnitude of the 
rotation, however, was not constant, perhaps for the same reason 
as in the ser:es of brucine salts. Also for the pair of calcium 
salts of anhydrogluconic and anhydromannonic the rule of direc- 
tion was found to hold. 

The values recorded in this report are those of specific and 
not molecular rotation, since the work aimed principally to com- 
pare the rotatory power of salts of the same base. 

Further work is in progress. 


EXPERIMENTAL. 


Gluconie acid was prepared by the oxidation of glucose with 
bromine. The acid was obtained as a syrup and converted into 
the calcium salt which was recrystallized several times from 
water. This purified calcium gluconate was used for the prepa- 
ration of the sodium and brucine salts. 

Sodium Gluconate——This salt was not isolated, but a solution 
containing a calculated amount of salt as determined by titration 
was used for polarization. 

2.6338 gm. of calcium gluconate were dissolved in a smal! 
amount of water and freed of calcium by a calculated quantity 
of oxalic acid. The filtrate was concentrated and then made up 
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to 10 cc. in a volumetric flask. 2 cc. of this solution were re- 
moved and allowed to stand for 12 hours with an excess of 0.1 N 
NaOH. The uncombined NaOH was titrated back with 0.1N 
hydrochloric acid, using phenolphthalein as indicator. To the 
remaining 8 cc. the calculated amount of 2 N NaOH was added 
and the solution again made up to 10 cc. This solution was 
employed for optical measurements. 


By this procedure 2.08 gm. of sodium gluconate in 10 ce. gave: 
2  +2.45° X 10 
a = = 11.78° 
ith “Tye 





Brucine Gluconate.—Calcium was removed quantitatively from 
5 gm. of calcium gluconate by means of oxalic acid and the solu- 
tion of gluconic acid boiled with the calculated amount of bru- 
cine. The solution was’ then concentrated and the excess bru- 
cine removed with 98 per cent alcohol. The brucine gluconate 
was recrystallized out of 95 per cent alcohol until it reached con- 
stant rotatory power and till it gave correct analytical figures. 
Five recrystallizations were required for this purpose. The 
substance was dried at 100°, under diminished pressure. It 
melted at 155°. 


0.1004 gm. substance gave 0.2175 gm. CO: and 0.0569 gm. H.0. 


Calculated for 
Cx»HsasN20u: Found: 


59.08 
6.64 
— 0.41° X 1.975 


= = — 15.95° 
P 1X 0.0505 & 1.005 





d-Mannonic Acid.—This was prepared by the oxidation of 
d-mannose with bromine. The acid was readily converted into 
the lactone which was recrystallized several times out of boiling 
alcohol. The lactone was used for the preparation of the sodium 
and brucine salts. 

Sodium Mannonate.—To 0.7850 gm. mannonic lactone, equiva- 
lent to 0.952 gm. sodium salt, 8.82 cc. 0.5 N sodium hydroxide were 
added and the solution was made up to 10 ce. in a normal! vol- 


umetric flask. 
— 0.84° * 10 
[a] = 08 x => 8§.82° 
1 X 0.952 
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Brucine Mannonate.—Several gm. of mannonic lactone dis- 
solved in water were boiled for some time with a slight excess of 
brucine. The excess of brucine was removed with 98 per cent 
alcohol. The brucine sa!t was recrystallized three times out of 
95 per cent alcohol. The salt was dried at 100° under diminished 
pressure. It melted at 212°. 


0.1012 gm. substance gave 0.2199 gm. CO» and 0.0602 gm. H,0. 


Calculated for 
CaHssN20u: Found: 


59 ° 25 
6.65 


_ —0.67° X 2.5635 
» 1X 0.0663 & 1.008 





= — 25.70° 


d-Gulonic Acid.—This was prepared from d-xylose by the addi- 
tion of hydrocyanic acid. The product of the reaction was 
saponified with barium hydroxide and the barium removed with 
hydrogen sulfide. On concentrating this solution to a syrup 
gulonie lactone soon crystallizes. The lactone was purified by 
recrystallizing from 60 per cent alcohol, and was used for the 
preparation of the sodium and brucine salts. 

Sodium Gulonute.—This was not isolated. The quantity of 
sodium hydroxide required to neutralize a definite quantity of 
gulonic !actone was determined on a separate sample. For opti- 
cal measurements 0.7648 gm. gulonic lactone previously dried 
under diminished pressure at 100° was dissolved in a small quan- 
tity of water in a standardized 10 cc. volumetric flask, and 4.28 
ec. N NaOH were added. The solution was allowed to stand for 
several hours before making up to volume. 


0.7648 gm. gulonic lactone is equivalent to 0.938 gm. sodium gulonate 
In a 1 dm. tube this solution gave a = + 1.19°. 


[a}® = +1.19° K 10 
> 1X 0.938 





= + 12.68° 


Brucine Gulonate.—This salt was prepared also from the lactone 
and was repeatedly recrystallized from 95 per cent alcohol until 
the physical properties remained constant. The salt was dried 
under diminished pressure at 100°; it then melted at 162—4°. 
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0.1008 gm. substance gave 0.2178 gm. CO» and 0.0596 gm. H,O. 


Calculated for 
CaHssN20n: Found: 


58 .94 
6.61 


— 0.55° XK 2.0646 


>= —s - = — 19.59° 
1 X 0.0576 & 1.006 





Idonic Acid.—This was obtained from the mother liquors of the 
gulonic acid lactone. The syrup was shaken with five parts of 
50 per cent sulfuric acid and two molecules of benzaldehyde.’ 
After some time the dibenzalidonate separated. This was filtered 
and washed with ice cold water and then cold alcohol until freed 
from acid, and then recrystallized from 95 per cent alcohol. The 
dibenzalidonate was then hydrolyzed with dilute sulfuric acid, 
the sulfuric acid removed quantitatively with barium hydroxide, 
and the solution of idonic acid concentrated to a syrup. This 
syrup of idonic acid was converted into the brucine salt. 

Brucine Idonate.—This recrystallized from 95 per cent alcohol 
and, dried at 100° under diminished pressure, melted at 188°. 


0.1050 gm. substance gave 0.2271 gm. CO: and 0.0619 gm. H.O. 


Calculated for 
CoaHssN2011: Found: 


58.98 
6.59 


= 0.65° x 2.002 
> 1 0.0502 & 1.005 





= — 25.79° 


Sodium Idonate-—This was prepared from the above brucine 
salt but no attempt was made to isolate the substance. Brucine 
idonate dissolved in water was freed of brucine by means of 
barium hydroxide and the brucine removed by shaking out the 
solution with chloroform. The aqueous solution was completely 
freed of barium by sulfuric acid, and concentrated. to a syrup. 
The absence of brucine was established by a qualitative test. 
This syrup was dissolved in a small quantity of water, transferred 
to a 10 cc. volumetric flask, and made up to that volume. A 
weighed portion of this solution was allowed to stand over night 


3’ Van Ekenstein, W. A., and Blanksma, J. J., Rec. trav. chim. Pays-Bas, 
1908, xxvii, 1. 
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with an excess of 0.1 N sodium hydroxide and the removed sodium 
hydroxide titrated back with 0.1 N hydrochloric acid. 


0.20213 gm. idonic acid solution required for neutralization 12.90 cc. 
0.1 n NaOH. 


Another quantity, 3.0306 gm., was neutralized with 0.97 ce. 
2Nn sodium hydroxide and made up to 5 ce. in a standard 5 ce. 
volumetric flask. This solution contained 0.4158 gm. sodium 
idonate and was used for optical measurements. 


= — 2.52° 





[a]* = —0.21° X 5.0 
>" 1X 0.4158 


Galactose—This was oxidized with bromine, and the liquid, freed 
from bromine and hydrobromic acid, was concentrated to a syrup. 
To this syrup glacial acetic acid was added, and the mass soon 
solidified to the lactone. This was washed free from acetic acid 
and recrystallized from alcohol. A titration of this crystalline 
material dried under diminished pressure at 100° gave evidence 
of its being entirely lactone. It was allowed to stand 24 hours 
before titrating back with 0.1 N hydrochloric acid. 


0.5970 gm. substance needed for neutralization 32.8 cc. 0.1 N NaOH. 
Required by calculation for lactone, 33.5 cc. 0.1 N NaOH; for acid, 30.4 
ec. 0.1 N NaOH. 


This lactone was used for the preparation of the sodium and 
brucine salts. 

Sodium Galactonate-—0.8184 gm. of lactone, equivalent to 
1.002 gm. sodium galactonate, dissolved in a small quantity of 
water in a 10 cc. volumetric flask, was allowed to stand with 9.2 
ec. 0.5 N sodium hydroxide and then made up to volume. 


» +0.04° x 10 ” 
[-], = 1 X 1.002 ah hae 





Brucine Galactonate——Several gm. of galactonic lactone dis- 
solved in water were boiled with an excess of brucine for several 
hours. The liquid was concentrated to a small volume and the 
excess brucine removed with 98 per cent alcohol. The brucine 
salt was recrystallized repeatedly from 95 per cent alcohol until 
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it possessed constant properties. Dried at 100° under diminished 
pressure it melted at 170°. , 


0.1012 gm. substance gave 0.2193 gm. CO: and 0.0607 gm. H.O. 


Calculated for 
CaHasN20u: Found: 


59.09 
6.71 
— 0.55° K 2.0144 


, = = — 21.01° 
1 X 0.0524 X 1.006 





Talonic Acid.—Galactonic acid was treated in an autoclave 
with pyridine at 160° for several hours, and the talonic acid as far 
as possible was separated from the galactonic acid by means of the 
cadmium and lead salts, and finally as the brucine salt. As Nef 
has already pointed out, the complete separation of galactonic 
and talonie acid is very difficult. The brucine salt, which was 
obtained by the above process was recrystallized several times 
from 95 per cent alcohol and dried at 100° under diminished 
pressure, had a melting point of 132°. 


0.1016 gm. substance gave 0.2198 gm. CO: and 0.0589 gm. H:O. | 


Calculated for 
CaHasN20u: Found: 


58.99 
6.48 


— 0.65° X 2.0423 


~ = — 26.15° 
> 1X 0.0505 X 1.005 





d-Allonic Acid.—This was obtained from d-ribose by the addi- 
tion of prussic acid. The substance was isolated as the lead salt, 
which was decomposed. On standing, the lactone crystallized. 

Sodium Allonate-—This was prepared from the lactone. 0.4108 
gm. lactone, equivalent to 0.501 gm. sodium salt, was dissolved 
in a small quantity of water in a 5 ec. volumetric flask and neu- 
tralized with 4.41 ec. 0.6N NaOH. 


[a] = + 0.43°X5 
> 1X 0.501 


= + 4.30° 


Brucine Allonate-—This was prepared from the lactone. It was 
recrystallized from 95 per cent alcohol and dried under diminished 
pressure at 100°. It melted at 160°. 





P. A. Levene and G. M. Meyer 363 


0.0994 gm. substance gave 0.2152 gm. CO, and 0.0570 gm. H.O. 


Calculated for 
Coa HasN20u: Found: 


58.77 
6.42 


— 0.53° X 2.0277 
1 X 0.0505 


= — 21.28° 





d-Altronic Acid.—This was the predominating substance in the 
preceding experiment. It was isolated as the calcium salt. The 
substance was repeatedly recrystallized from water. Allonic acid 
does not form a water-insoluble calcium salt. 

Sodium Altronate.—1.1054 gm. calcium altronate were exactly 
freed of calcium with oxalic acid. The filtered solution was con- 
centrated to a syrup. This syrup was dissolved in water in a 10 
ec. standardized volumetric flask. 2 cc. of this solution were 
removed and titrated to sodium hydroxide. In this particular in- 
stance 2 cc. required 8.9 cc. 0.1N NaOH. The remaining 8 ce. 
were now neutralized with the calculated amount of 2 N NaOH, 
made up to 10cc., and allowed to stand for several hours. By 
calculation these 8 ec. contain 0.778 gm. sodium altronate. The 
rotation was taken in a 2 dm. tube. 


> 20.778 


fa}t = = 288X104 og. 


Brucine Altronate.-—Calcium altronate, about 2.5 gm., was ex- 
actly freed of calcium and the filtrate boiled with brucine. The 
excess brucine was removed by shaking with chloroform in a sepa- 
ratory funnel, and the aqueous solution concentrated. The bru- 
cine salt was repeatedly recrystallized from 95 per cent alcohol 
and dried under diminished pressure at 100°. It melted at 158°. 


0.1050 gm. substance gave 0.2263 gm. CO. and 0.0598 gm. H.O. 


Calculated for 
CaHasN2Oi1: Found: 


58.79 
6.37 


— 0.59° & 2.0232 
~ 1 0.0501 
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Chitonic Acid, Calcium Salt.—Chitonic acid was prepared from 
glucosamine chlorohydrate according to Fischer and Tiemann.‘ 
It was obtained and analyzed in the form of its calcium salt. 


0.0998 gm. substance gave 0.1217 gm. CO:, 0.0470 gm. H,0, and 0.0131 


gm. CaO. 


Calculated for 
(CeHsOc) Ca + 2H20: Found: 


33.26 
5.22 
13.12 


ol” — + 3.32° & 2.129 
> 1X 0.2000 * 1.05 





Brucine Chitonate.—7.0 gm. of the calcium salt were suspended 
in water and boiled for $ hour with the calculated amount of 
oxalic acid. The filtrate was treated with brucine in the usual 
manner. The final product was recrystallized from 95 per cent 
ethyl alcohol. It melted at 222°. 


0.0974 gm. substance, dried under diminished pressure at the tempera- 
ture of steam, gave 0.2160 gm. CO, and 0.0570 gm. H,0. 


Calculated for 
CeHioUs * CosH2s N20: Found: 


60.48 
6.55 


_ = 0.22° x 2.0919 
D> 1X 0.0541 X 1.005 





= — 8.47° 


Chitaric Acid, Calcium Salt.—Chitaric acid was prepared from 
pure glucosaminic acid according to Fischer and Tiemann. It 
was isolated in the form of its calcium salt. The salt was once 
recrystallized out of water in the form of large colorless crystals. 


The rotation of the calcium salt was as follows: 


+ 6.85° X 2.192 


20 ° 
[«], = 1 X 0.2042 1.046 _ be 





Brucine Chitarate.—2.0 gm. of the calcium salt were suspended 
in water and boiled with the theoretical amount of oxalic acid for 
3 hour. The filtrate was converted into the brucine salt in the 


4 Fischer, E., and Tiemann, F., Ber. chem. Ges., 1894, xxvii, 138. 
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usual way. The final product was recrystallized out of 95 per 
cent alcohol. It melted at 195°. 







0.1002 gm. substance, dried under diminished pressure at the tempera- 
ture of water vapor, gave 0.2246 gm. CO, and 0.0592 gm. H,0. 






Ca!culated for 
CeHi00c * CosH2s N20s: Found: 
Tn ee Or ei a 60.81 61.12 






avhen bkesoad dss Regweneereneeinetoens 6.56 







[a] — 0.08° X 2.0413 


= = —2.96° 
> “1X 0.0547 X 1.006 











TABLE I. 







Inorganic Salts. 































c [al > A 
GNI o iindadieccedcgccncss 20 +11.78 +10.29 
ee 10 — 8.82 —10.29 
w JCAL devdtbavnd adds 40x 10 +12.68 + 7.60 
ot | ia AS epee 10 — 2.52 — 7.60 

eT Mei age ens devek ee 10 : + 0.40 ~ 

OME ed Ub ue 66 Chto wenns 10 Not determined. = 
ws iC A RE PNR DE -CR E 10 + 4.30 + 4.20 
©. . I dnd cicmepd co hwat Stee 10 — 4.05 — 4.20 
Gs vosciksccces cab ewan 10 +70.29 +18 .32 
DP SNC 5.46 a ciebnnodd anu 10 +33 .65 — 18.32 

























TABLE II. 
Brucine Salts. 






















M.P. c [a] 5 A 
SC. 

6. CAA, b iw sean deve 155 2.5 —15.95 | +4.85 
CEE EE ee Pk PC 212 2.5 — 25.70 —4.85 
Es cc oon a wea medoes 162-4 2.5 —19.59 | +3.1 
REE ARTE? SR 188 2.5 — 25.79 —3.1 
Ne is ova ceuaeawe 170 2.5 —21.01 | +2.57 
a fickle cs eee 132 2.5 —26.15 | —2.57 
a. ss. oaw ckakx coaewen 160 2.5 —21.28 |} +1.28 
on ee eee aes 158 2.5 — 23.82 —1.28 é 
Ns . P50 i a oko cu catein des 195 5.0 — 2.96} +2.72 
ES ean a rR ae 222 5.0 — 8.47| —2.72 
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THE OPTICAL ROTATION OF EPIMERIC 
a-HEXOSAMINIC ACIDS. 


By P. A. LEVENE. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, July 5, 1916.) 


The preceding paper! contains data showing that in each pair 
of hexonic acids the member which has the same configuration 
of the a-carbon atom, as d-gluconic acid, possesses either a higher 
dextrorotation or a lower levorotation than the epimer. From 
this it follows that in mixtures of unequal parts of two epimeric 
acids, the one which possesses a higher dextro- or a lower levoro- 
tation contains a higher proportion of the member having the 
configuration of the a-carbon atom, as in d-glucose. And 
still further, having the value of the rotation of one epimer 
in its pure form, and that of a mixture of the two, one may from 
these data conclude regarding the configuration of the a-carbon 
atom in each epimer. On the basis of this it was attempted to 
compare the rotation of epimeric a-hexosaminic acids with a 
view to finding an indication as to the respective positions of the 
amino group in each member of a given pair. 

However, at present there are known only five a-hexosaminic 
acids, all of the d series, and since in each series eight acids of four 
pairs of epimers are possible, there exists evidently a lack of three 
amino-acids of the series. In order to fill in the gap the method 
of Fischer was resorted to, by which the heating of a sugar acid 
with pyridine leads to the formation of its epimer. ‘True, it is 
not always an easy task to separate each member of the pair in 
pure state. Fortunately for the purpose of the present investi- 
gation this was not essential, as (this was pointed out above) the 
value of the rotatory power of one member in pure form and that 
of a mixture of the two furnish enough data for conclusions re- 
garding the configuration of the a-carbon atom of each member 
of the pair. ' 


1 Levene, P. A., and Meyer, G. M., J. Biol. Chem., 1916, xxvi, 355. 
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Unfortunately the supply of ribohexosaminic acid in our pos- 
session was not sufficient for the work, and the present observa- 
tions are limited to three pairs of a-hexosaminic acids. 

The mode of procedure was the following: An aqueous solution 
of the acid with pyridine was heated in sealed tubes at 100-105°C. 
for periods varying between 5 and 24 hours, and the resulting 
amino-acids were fractionated until one fraction was obtained of 
which the value of the optical rotation differed markedly from 
that of the original substance. 

Table I contains the results of the observations. 


TABLE I. 





ie} 


Original. After treatment with pyridine. 








I. d-Glucosaminic —15.02° +2.11°, +6.75°, +7.72°, +8.57° 
II. d-Xylohexosaminic....| +11.77° +15.47° 
III. d-Chondrosaminic —16.15° — 4.83° 
IV. d-Lyxohexosaminic.... —3.58° —6.98° 











Each of these four acids may have one of two possible 
configurations. 


I II III and IV 


a b a b a b 
COOH COOH COOH COOH COOH COOH 


| | | | | 


NH:;CH HCNH, NH,CH HCNH, NH:CH HCNH, 


eat OHCH HCOH HCOH OHCH 
or | | or 
HCOH HCOH OHCH OHCH OHCH 


| | | | | 
HCOH HCOH HCOH HCOH HCOH 


CH:0H CH:OH CH:0H CH:0H CH:OH CH;OH 


Accepting for the term ‘“‘increase” in the value of the optical 
rotation any change from (—) towards (0) towards (+), one 
readily sees that any change in configuration (a) towards (6) 
must lead to an “‘increase,’”’ and vice versa. 
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The table shows for 











Glucosaminic acid, increase in rotation. 
Xylohexosaminic acid, increase in rotation. 
Chondrosaminic acid, me 7 ™ 
Lyxohexosaminic acid, fall “ 4 











On the basis of this one would assign to 










Glucosaminic acid the configuration of mannosaminic acid. 
Xylohexosaminic (synthetic) “ “ idosaminic ” 
Chondrosaminic “ talosaminic 
Lyxohexosaminic (synthetic) “  “ galactosaminic 






“ “cc 







“ 







Of course, one must realize that for the present this evidence 
may be accepted only in the sense of an indication, which has 
to be substantiated by more direct methods. It is interesting in 
connection with this to compare the results of addition of prussic 
acid to pentoses and to the imines of pentoses. The predomi- 
nating forms are: 

Observations of Fischer and coworkers: 


From arabinose. ...mannonic acid. 
“  xylose........gulonic _ 
“ lyxose........galactonic 









“ 





Conclusions on the basis of present observations: 






From arabinosimine........ mannosaminic acid. 
a idosaminic gs: 
“ lyxosimine............galactosaminic “ 







It is noteworthy that if these deductions were to prove true, 
it would appear that the configuration of the two amino sugars 
occurring in animal tissue are the epimeric forms of the two 
aldohexoses found in the tissues. 

Efforts to solve the problem of the configuration of the a-carbon 
atom by methods more directly chemical are now in progress. 

It is also contemplated to employ the pyridine method for 
preparation of the three missing hexosaminic acids in pure form. 












EXPERIMENTAL PART. 






Glucosaminic Acid. Experiment I.—2.5 gm. of glucosaminic 
acid were taken up in 30.0 cc. of water and 12 ec. of pyridine and 
heated in sealed tubes for 24 hours at 103—-105°C. At the end of 
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the experiment the solution turned light brown, but remained 
perfectly clear and transparent. Four such experiments were 
combined. The solution was concentrated, decolorized, and 
acetone added until the solution began to crystallize on scratch- 
ing the walls of the vessel witha glass rod. This precipitate on 
drying had [a]} = —14.5°. The mother liquor was concen- 
trated to very small volume and acetone was added until a small 
oily mass separated. On standing it crystallized. The sub- 
stance was slightly colored, hence it was taken up in water and 
bone-blacked, dissolved in water, and acetone added until the 
substance began to crystallize. To afford a speedy reading, this 
was made in the Abderhalden tubes. The substance had the 
following composition. 


0.0992 gm. substance gave 0.1347 gm. CO» and 0.0576 gm. H,0O. 


Calculated for 
CeHisNOs: Found: 


37.03 
6.50 


The rotation was as follows:? 
Initial. Equilibrium. 
+ 0.92° & 4.2890 
7.72° al= = 
af | Ip 0.5 0.2000 


[a] + 0.18° x 4.2890 _ 
> 0.5 0.2000 — 





+ 39.45° 





Experiment II.—10.0 gm. of glucosaminic acid were treated in 
four tubes as in Experiment I. At the end of the experiment the 
solution was found to be rather dark. Fractionation was carried 
out in the same manner as in Experiment I. The first fraction 
had [a], = —14.5°. 


The rotation of the substance was the following. 
[a] _ +0.03° x 4.2300 
e 0.5 0.2000 





=-+2.11° 


Experiment IIT.—10.0 gm. of glucosaminic acid were taken up 
with 120.0 ec. of water and 50.0 cc. of pyridine were heated in 
sealed tubes at 103°C. for 12 hours. At the end of the experi- 
ment the solution turned brown. On cooling, some of the acid 


* All rotations reported in this paper were taken in 2.5 per cent hydro- 
chlorie acid solution. ; 
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separated out in the tubes. Two experiments were combined. | 
The quantity separated = 5.0 gm. Once recrystallized the sub- . 
stance had [a], = —15.0°. An attempt was made to concen- 
trate the mother liquor under diminished pressure, but the solu- 
tion foamed so badly that the experiment was interrupted and 
alcohol was added. A precipitate formed which was removed 
by filtration. To the filtrate more methyl alcohol and acetone 
were added. On standing at 0°C. for 24 hours a crystalline de- 
posit formed. 













The substance had the following rotations: 









faye £0.10" x 4.2008 


p 05 xomo 1° 









The substance was again recrystallized out of water and methyl! alco- 
hol, and then rotated as follows: 









[a] 2 + 0.20° & 4.2866 


= + 857° 
D 05 x020 7°? 









Xylohexosaminic Acid.—3.0 gm. of xylohexosaminic acid were 
taken up in 30.0 cc. of water and 12.0 cc. of pyridine and heated 
in sealed tubes at 105°C. for 24 hours. The solution was dark | 
brown at the end of the experiment. It was concentrated under 
diminished pressure and precipitated with acetone. A precipi- 
tate formed which was partly crystalline and partly amorph- 
ous. It was taken up in water, decolorized, and on precipitation 
with acetone a colorless crystalline precipitate formed. 









0.1016 gm. substance gave 0.1364 gm. CO, and 0.0618 gm. H.O. 





Calculated for f 
CsHisNOs: Found: i 


DSL TN W4e cue Gls awa wie haus ddasinesuand 36.92 36.61 
6.82 







ee) 





The rotation was as follows: 
23 + 0.24° * 4.8344 

[e]; a = 4 
0.5 * 0.1500 











= + 15.47° 












Chondrosaminic Acid.—2.0 gm. of chondrosaminic acid were 
taken up in 20.0 ce. of water and 12.0 cc. of pyridine, and heated 
in sealed tubes at 100°C. for 5 hours. At the end of the experi- 
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ment the solution was dark brown and on cooling a small crys- 
talline deposit was found in the tube. The mother liquor was 
filtered. and concentrated under diminished pressure. A small 
crystalline deposit formed. All dissolved on warming, and ace- 
tone was added until the substance began to crystallize. The 
crystalline mass was dissolved in water, decolorized, and again 
made to crystallize by means of acetone. 


0.1034 gm. substance gave 0.1380 gm. CO» and 0.0622 gm. H,0O. 


Calculated for 
CeHisNOs: Found: 


36.61 
6.77 


The rotation of the substance was as follows: 
Initial. Equilibrium. 
— 0.10° & 3.6522 3  — 0.49° * 3.6522 
[a]5 = —— —— = —493° [aj]? = = — 23.86° 
0.5 »& 0.1500 0.5 0.1500 








Lyxohexosaminic Acid.—1.0 gm. of lyxohexosaminic acid was 
taken up in 10.0 cc. of water and 6.0 ce. of pyridine and heated in 
a sealed tube for 5 hours at 100°C. At the end of the experiment 
the solution had a dark brown color. It was concentrated to 
very small volume, taken up in methy] alcohol, and acetone added, 
until the substance began to crystallize. The sediment was 
then dissolved in hot water, decolorized with charcoal, filtered, 
and to the filtrate acetone was added until the substance 
began to crystallize. 

It had the following composition. 


0.0980 gm. substance gave 0.1304 gm. CO» and 0.0622 gm. H.O. 


Calculated for 
CeHisNOs: Found: 


36.36 
7.07 


The rotation of the substance was as follows: 
Initial. Equilibrium. 
— 0.17° X 3.3752 — 0.50° & 3.3752 


[a]; = * = — 22.50° 
- 0.5 0.1500 0.5 ™& 0.1500 








-7.65° [aly = 





THE CONJUGATED SULFURIC ACID OF FUNIS 
MUCIN (MUCOITIN SULFURIC ACID). I. 


By P. A. LEVENE ayp J. LOPEZ-SUAREZ. 


(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, July 20, 1916.) 


The Whartonian jelly of the umbilical cord contains a substance 
resembling mucin or mucoids. The relation of the substance to 
other members of the group is not well known. Several workers 
have been engaged in the effort to furnish a solution to this 
problem, Obolensky’ and Jernstrém? approached the subject by a 
study of the physical properties and ultimate composition of the 
molecule asa whole. In recent years Cavazzani' followed the same 
plan of work. On the other hand, Young* and Van Lier® investi- 
gated into the presence of a conjugated sulfuric acid in the mole- 
cule of this substance, named by Young “funis mucin.’”’ Young 
failed to find evidence of the presence of a conjugated sulfuric 
acid. On the other hand, Van Lier, employing the method of 
Levene, isolated from funis mucin a substance resembling chon- 
droitin sulfuric acid. 

The present work was undertaken with a view to discovering 
the chemical relationship of this conjugated sulfuric acid to the 
other substances of this group. 

The substance was isolated without any difficulty, following 
the procedure employed for the same task in course of the work 
on tendomucoid,® chondromucoid,’ and on the mucin of the pig’s 


! Obolensky, 8., Arch. ges. Physiol., 1871, iv, 349. 

2 Jernstrém, E. A., Abstr. in Hammarsten Fortschr. Tierchem., 1880, x, 
34, original in Ldkaref. Férhandl., 1879-80, xv, 434. 

* Cavazzani, E., Arch. Fisiol., 1909, vi, 138. 

* Young, R. A., J. Physiol., 1894, xvi, 338. 

5 Van Lier, E. H. B., Z. physiol. Chem., 1909, Ixi, 184. 

6 Levene, P. A., and La Forge, F. B., J. Biol. Chem., 1914, xviii, 238. 

7 Levene and La Forge, J. Biol. Chem., 1903, xv, 72. 
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stomach.® In its appearance and in its behavior towards acetic 
acid, orcin, and naphthoresorcin the substance resembled chon- 
droitin sulfuric acid. On the other hand, the ultimate composition 
of the acid had greater similarity to that of the mucoitin sulfuric 
acid obtained from the mucin of the pig’s stomach. Also here 
the low percentage of sulfuric acid probably is due to partial 
cleavage of the substance in the process of preparation. If this 
assumption proved correct, one would be inclined to draw 
the conclusion that chondroitin and mucoitin sulfuric acids 
possess a different degree of stability, and that the mineral acid 
is detached from the organic radicle with less difficulty in acids of 
one type than in those of the other. 

In this connection one is reminded of the two types of nucleo- 
tides and of two types of nucleic acids. The phosphoric acid is 
readily detached from guanylic and from a part of the plant 
nucleic acids. On the other hand, that of inosinic acid, of the 
pyrimidine nucleotides, and of the thymus nucleic acid is removed 
with considerable difficulty. 

It is our intention to improve the method of preparation of 
mucoitin sulfuric acid so as to obtain the substance in a condition 


approaching as nearly as possible its original composition. 


TABLE IT. 





Calculated for 
C2sHa2 N2S2029Baz. 





Sample I. Sample IT. 





27.80 . 68 35.61 
3.48 5.30 
2.32 a 3.57 
5.30 2.35 

22.70 18.32 














Also from the viewpoint of its component parts the substance 
shows greater resemblance to mucoitin than to chondroitin sul- 
furic acid. Its nitrogenous component was recognized as glu- 
cosamine and not as chondrosamine. The sugar was identified 
by the absence of a melting point, by crystal form, and by the 
specific rotation of its chlorhydride. This finding is important 
inasmuch as it goes to prove that the members of the group of con- 


® Levene, P. A., and Lépez-Sudrez, J., J. Biol. Chem., 1916, xxv, 513. 
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nective tissue mucoids are not all identical, and that some of 
them differ at least by the sugar present in their molecule. 

A study of the details of the structure of the substances of the 
type of mucoitin sulfuric acid is now in progress. 









EXPERIMENTAL PART. 











Two modifications of the procedure were employed in prepar- 
ation of the substance. 75 umbilical cords® (they had been col- 
lected in 95 per cent alcohol) were washed in water free from alco- 
hol and placed for 3 days in 5 liters of a 3 per cent solution of 
sodium hydrate. The solution decanted from undissolved residue 
was acidulated with acetic acid, and neutralization effected 
in part by means of barium hydrate and completed by barium 
carbonate. The mixture was filtered and the filtrate was di- 
vided into two parts. 

Part I.—From this part the conjugated sulfuric acid was iso- 
lated directly by precipitation by means of a solution of basic 
lead acetate. The precipitate was washed with distilled water 
by decantation (six times), then filtered. The precipitate was 
again suspended in water and the process repeated. The pre- 
cipitate was then filtered on a suction funnel, and dissolved in 
100 ce. of glacial acetic acid. To this solution an excess (2 liters) 
of the acid was added so as to completely precipitate the conjugated 
sulfuric acid. The precipitate was filtered on a suction funnel, 
washed with alcohol, and finally with ether. 

The substance was then suspended in water and freed from 
lead by passing hydrogen sulfide, while the mixture was agitated 
by a mechanical stirrer. Lead sulfide separated in colloidal state 
and in order to make possible its removal a slight excess of barium 
hydrate was added, and the mixture was boiled until coagulation 
of the sulfide was completed. It required approximately 10 
minutes. The sulfide was then removed by centrifugalization, 
and the excess of barium by means of carbon dioxide gas. The 
carbonate was again removed by centrifugalization. The clear 
solution was treated with an equal volume of 98 per cent alcohol, 



























®° The material was furnished to us by Dr. J. H. Losee of the Lying-In 
Hospital, and we take this occasion to express our appreciation of the 
courtesy. . 
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which brought down the conjugated sulfuric acid in form of a 
white flocculent precipitate. This was filtered, washed first by 
means of 50 per cent alcohol, and then by alcohol of progressively 
increasing concentration. The substance obtained in this manner 
was dissolved in a little water and the insoluble part removed by 
centrifugalization (in order to remove nucleic acid if present). 
The resulting clear solution was precipitated by means of alcohol. 

The final substance was practically biuret-free. For analysis 
it was dried under diminished pressure over sulfuric acid at 
the temperature of water vapor. 


0.1128 gm. substance gave 0.1352 gm. CO, and 0.0468 gm. HO. 

0.1228 ‘ ™ employed for Kjeldahl nitrogen estimation re- 
quired for neutralization 3.97 cc. 0.1 N acid. 

0.1242 gm. substance gave after fusion 0.0276 gm. BaSQ,. 

0.1245 “ " ‘“* 0.0400 gm. BaSQ,. 


Calculated for 
C2sHieN2S202Baz: Found: 


32.65 
4.61 
4.53 
3.05 

21.67 


Part II.—To the second part of the original filtrate a slight 
excess of barium carbonate was added and the mixture was 
placed on a boiling water bath for 5 hours. The concentrated 
solution was allowed to cool, and the precipitate of carbonate 
and coagulated protein removed by centrifugalization. The clear 
solution, which at this stage had the consistency of a syrup, was 
treated with glacial acetic acid as long as a precipitate formed. 
The precipitate was filtered on a suction funnel, washed first with 
acetic acid, and then with alcohol. It was then dissolved in water, 
and the solution made alkaline by means of a barium hydrate solu- 
tion. Excess of reagent was precipitated by means of carbon 
dioxide, and the carbonate was removed by centrifugalization. 
The clear solution was then treated with 98 per cent alcohol as long 
as a precipitate formed. The substance was obtained in form 
of a white amorphous powder. It was biuret-free. 

For analysis the substance was dried under diminished pres- 
sure over sulfuric acid at the temperature of water vapor. 
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0.1004 gm. substance gave 0.1312 gm. CO, and 0.0478 gm. H,O. 
0.1371 ‘* ‘* employed for Kjeldahl nitrogen estimation re- 
quired for neutralization 3.50 cc. 0.1 N acid. 
0.1247 gm. substance gave on fusion 0.0214 gm. BaSO,. 
0.1315 “‘ " ** 0.0410 gm. BaSQ,. 















Calculated for 
CosHeN2S202Bae: Found: 


Neh enewE iy eens tees a eke cadesmana raed 27.80 35.61 
ccna kee tes cobs dedi kien ds tl seebess 3.48 5.30 
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Hydrolysis of the Substance-—The material obtained for this 
experiment was prepared by the first of the two procedures 
described above. 50 cords were passed through a meat chopper, 
and then extracted with 1,500 cc. of a 3 per cent solution of sodium 
hydrate. The solution was treated exactly as the first sample. 
The yield was 15.0 gm. of the lead salt. 

These 15.0 gm. were taken up in 100 cc. of 20 per cent hydro- 
chlorie acid solution, 1.5 gm. stannous chloride were added, and 
heated with a reflux condenser for 10 hours. The barium sulfate 
and pigment were removed by filtration, and the remaining clear 
solution was concentrated under diminished pressure to small 
volume. The residue was dissolved in 100 cc. of distilled water 
and lead and tin were removed by means of hydrogen sulfide. 
The filtrate from sulfides was freed from barium quantitatively 
and the clear solution was concentrated under diminished pres- 
sure to a syrup. A perfectly white crystalline deposit formed 
in the distilling flask. This was transferred on a suction funnel 
by means of methyl alcohol. It consisted of perfectly uniform 
crystals, in appearance unusual for glucosamine hydrochloride. 
Once recrystallized out of dilute alcohol it assumed the crystal 
form typical of glucosamine hydrochloride. Heated in a sealed 
capillary to a temperature of 220°C. it contracted slightly, turned 
dark, but did not melt. 

Dried over sulfuric acid under diminished pressure the sub- 
stance gave the following analytical results. 
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0.0314 gm. substance in Van Slyke micro apparatus gave 3.8 cc. N at 
25° and 765 mm. 


0.1577 gm. substance required 7.3 ec. 0.1N AgNQs3. 


Calculated for 
CeHisNOsHCI: Found: 


6.45 
16.41 


The substance had the following rotation: 


Initial. Equilibrium. 
4.08° & 2.1459 [a] 3.5° & 2.1459 
(64 = 
° 0.5 X 0.2008 & 1.04 





>= —— = §84.82° 
0.5 X 0.2008 & 1.04 





= 71.945 
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Although a fairly large number of observations concerning 
the creatine content of the muscles of the ordinary laboratory 
animals have been published! there is still a great scarcity of 
data concerning the creatine content of human muscle both nor- 
mal and pathological; indeed the observations of Chisholm? 
constitute practically the only series of determinations made on 
this constituent of human muscle. 

Chisholm (who appears to have been strongly influenced by 
the theory of Mellanby regarding the influence of the liver on 
creatine metabolism) concludes as a result of his examinations 

; of the muscles from some thirty-six cases that the creatine con- 

: - tent is reduced in cases of malignant disease, especially in those 

having growths in the liver; it is also reduced in chronic disease 
where there has been a marked loss in body weight. In cases 
of rapidly fatal acute disease and in chronic disease in which 
there is no loss of body weight the creatine content of the mus- 
cles is unaltered. 

The determinations recorded in the following tables were made 
by Folin’s method.’ In every case the right psoas muscle (free 
from fat and tendon) was used. The nitrogen determinations 
were made on an aliquot of the solution of hydrolyzed muscle 
used for the creatine determination, so that the creatine and the 
nitrogen figures represent the same 5 gm. sample of muscle. 

As autopsies in this hospital are, in the great majority of cases, 
made not less than 6 hours after death, and frequently at a much 























1 Myers, V. C., and Fine, M. 8., J. Biol. Chem., 1913, xiv, 9. Folin, O., 
and Buckman, T. E., J. Biol. Chem., 1914, xvii, 483. 

2 Chisholm, R. A., Biochem. J., 1912, vi, 2438. 

’ Folin, O., J. Biol. Chem., 1914, xvii, 475. 
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later period (the body being stored in a refrigerator kept at 0- 
—2°C.), it was first necessary to determine whether this delay 
caused a loss in total muscle creatine. 

As will be seen from the following figures storage for as long 
as 96 hours at —1° C. or as long as 18 hours at + 20° C. causes 
no decrease in the total creatine content of cat, muscle. 


Experiment I.—A cat was killed by chloroform, the muscles were quickly 
removed from the hind legs, and after removal of fat and tendons, were 
ground in a meat grinder. A number of 5 gm. portions of these muscles 
were then weighed out, two portions being immediately analyzed for 
creatine, and the remainder allowed to stand in stoppered flasks, some in 
the laboratory at a temperature of 20—-25°C. and some in the refrigerator 
at —1-3°C. The results obtained are tabulated below. 

Cat muscle, animal just killed 0.524 per cent creatine. 
” after 18 hrs. at 20-25°C. 0.524 “ “ - 
“cc “ ““ 48 ““ “ 20—-25°C. 0. 228 “ec “ 
<é “ “ 48 “ “c = tig 0.524 ““ “ 
“ “ ““ 96 ““ “ l- ig OH 0.524 “ “ 

“ “ “ 168 ““ “ j— a. 0.475 “ “ 

Experiment II.—The muscles from the right hind leg of a rabbit which 
had been killed by a blow on the head gave, when analyzed half an hour 
after the death of the animal, 0.486 per cent of creatine. The muscles of 
the left hind leg of the same animal after storage at —1-3°C. for 28 hours 
without removal from the remainder of the body were found to contain 
0.489 per cent of creatine. 


In Table I are given the results obtained on the muscle of five 
individuals who may be fairly classed as ‘‘normal.”’ It is un- 


TABLE I. 


Creatine Content of Muscle from Normal Men. 





Time of 
7 —] autopsy 

Cause of death. ‘ Age. ates 

death. 





Hemorrhage due to gunshot 


Hemorrhage from operation for 
extra-uterine pregnancy 
Amputation of foot 


“ ““c 
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TABLE II. 


Muscle Creatine in Chronic Diseases. 








Time of _ 


. autopsy 
Cause of death. ; Age. after crea- 


death. tine. 





Ars. per cent 


Diabetes mellitus, coma 213 4.6 
“ “ “ 13} 
“ “ ““ i. 93 


" ” gangrene of 


foot, amputation 103 
Diabetes mellitus, coma......... j 10 
Chronic endocarditis, nephritis. 21 
Chronic nephritis 24 
Arteriosclerotic nephritis, 

uremia 
Chronic nephritis 
Pyelonephritis, pulmonary em- 

bolism 
Chronic nephritis 
" “7 uremia 
Arteriosclerotic nephritis 
Chronic nephritis (arterigsclero- 


Arteriosclerotic nephritis........ 

Gastric ulcer, arteriosclerosis. ... 

Aortic stenosis, regurgitation... 

Tuberculosis of both kidneys, 
morphinism 

Arteriosclerotic nephritis........ 

Pyopneumothorax, endocardi- 





) 
—_ 


bo 
or 


=r) 


Lung abscess, operation 
“ “ “ 


2 bt bw to 
Qo sJ 


Gastric ulcer, operative shock. . 

Pulmonary tuberculosis, pneu- 
mopyothorax 

Tubercular adenitis 

Syphilitic aortitis, aneurism.... . 

Pernicious anemia 

Gastric ulcer, surgical shock..... 

Brain abscess 

Pulmonary embolism, endo- 
carditis 
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TABLE 11—Continued. 





Cause of death. 





Graves’ disease, cardiac failure. 
Graves’ disease, died during 

hemithyroidectomy............ 
Gastric carcinoma, surgical 


Adenocarcinoma of stomach... .. 
Carcinoma of stomach, surgical 


Carcinoma of lip, pulmonary 
embolism 

Carcinoma of jaw, arterio- 
sclerosis 

Carcinoma of liver 

‘< ‘“ “ and lung 

Adenocarcinoma of pancreas, 
surgical shock 

Intestinal carcinoma, thrombo- 
sis of portal vein 

Carcinoma of stomach, pulmon- 
ary embolism 

Carcinoma of colon, septicemia 
following operation 

Carcinoma of tongue, broncho- 
pneumonia following opera- 


lh iis al nit ges 


Hypernephroma of adrenal with 
multiple metastases 

Adenoma of kidney, nephrec- 
tomy, septicemia 

Carcinoma of tongue, terminal 
pneumonia 

Carcinoma of esophagus, ter- 
minal pneumonia.............. 

Carcinoma of cecum, operation. 
otis bladder, operation, 
terminal pneumonia 

Papilloma of larynx, recurrent 
pulmonary tuberculosis........ 
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TABLE III. 


Muscle Creatine in Acute Diseases. 





Time of . 
autopsy N as 

after tine. 
death. : , 


Cause of death. 





per cent 
Double lobar _—-* 4.0 
Septicemia. . AE, ae Sa eee 3: 4.0 
Peritonitis laineal).. Fisted GEDA I : 3.7 
Lobar pneumonia 5s 4 3 4.0 


“< “c 


“e “ 


_— 
Qo 


“ 

chitis 
Bronchopneumonia.............. 

“ 

Lobar pneumonia 
Bronchopneumonia.............. 
Lobar pneumonia............... 
Bronchopneumonia.............. 
REINS. ASE ae ee 
Pelvic abscess, general peri- 

tonitis 
Embolism following drainage of 

gall bladder. . 
Acute hemorthanie snedesetitic 
Gastric ulcer, hemorrhage 
Septicemia following prostatec- 


oon or KF NO 


oS w& 


o- 


~ 
Cco-_ 


General septicemia from car- 
buncle of neck 























fortunate that the number of these cases is not greater but ma- 
terial of this class has been difficult to secure in quantity. From 
the results presented it would seem that the normal creatine 
content of human muscle varies between 360 and 400 mg. per 
100 gm. of muscle, and that the creatine constitutes from 5.3 
to 4.1 per cent of the total nitrogen. These figures are consider- 
ably higher than those presented by Chisholm for normal human 
muscle (300 mg. per 100 gm. muscle), a fact probably due to 
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TABLE IV. 


Creatine in Muscles of Children. 





Time of NM as 


Cause of death. Sex. Age. autopsy crea- 
after tine. 


death. 





per cent 


Tubercular meningitis, malnutri- 


3.8 
3.7 


Hemophilia (hemorrhage) 
Status lymphaticus, died during 
operation for cleft palate 
Congenital syphilis.............. 
Acute meningitis 
Pyelonephritis, general septi- 


General miliary tuberculosis, 
tubercular meningitis 

General miliary tuberculosis, 
tubercular meningitis. 

Acute meningitis 
“ “ 

Tubercular meningitis........... 

Congenital syphilis, pneumonia. 

General miliary tuberculosis, 
pneumonia 

Acute endocarditis, septicemia. 

Septicemia following appendec- 






































the method of analysis employed by this investigator who used 
the technique recommended by Mellanby. 

In Table II are given the results obtained on muscle from in- 
dividuals who had suffered from chronic diseases, in most cases 
of long duration. 

From the results presented in Table II it is evident that in 
many cases of chronic disease the muscle creatine differs in no 
way from that of normal individuals. In some cases, however, 
there is a marked decrease. On looking up the autopsy records 
and clinical histories of this latter class of cases it was found 
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that these individuals had almost without exception been ill 
for many months, and were in an extremely emaciated condition; 
Cases 21, 22, 23, 28, 31, 36, 37, 46, 47, and 56 (all showing marked- 
ly low creatine figures) were all especially noteworthy in this 
respect. 

In Table III are given results obtained on the muscles of per- 
sons dying from acute diseases. Here again as in the case of 
the results presented in Table I we have in some cases practi- 
cally normal figures whereas in others there is a marked reduction 
of the muscle creatine. 

It has long been known that the creatine content of the mus- 
cles of children is lower than that of adults. It has therefore 
seemed best to collect all the results obtained on children’s mus- 
cle in a separate table, IV. These figures warrant little com- 
ment on account of my inability to secure normal material as 
a control; Case 80 is the only one of this series which may be con- 
sidered as normal. 


- SUMMARY. 


Judging from the results presented above it would appear that 


the creatine content of the human psoas muscle of normal adults 
lies between 360 and 421 mg. per 100 gm. of muscle. In a series 
of determinations made on the psoas muscle of persons dying of 
various chronic diseases it was noted that in some cases the crea- 
tine content was reduced both absolutely and relatively. In most 
of these cases the patient had been in a cachectic condition for 
some weeks or months before death, and was greatly emaciated. 
In others the creatine values were not reduced. In the case 
of persons dying of acute diseases it was found that in many cases 
the muscle gave normal creatine figures; in others, more particu- 
larly those dying of septicemias, there was a marked reduction. 

The fact that the muscle of children contains much less creatine 
than that of adults ‘was confirmed. 

These results would seem to lend confirmatory evidence to 
the theory concerning the interrelationship of “muscle creatine’”’ 
and urinary creatinine in man (Shaffer, Myers and Fine). Shaf- 
fer has called attention to the fact that persons who have been 
ill for many months and are in a feeble and wasted condition 
have very low creatinine coefficients. As these patients become 
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convalescent and their ‘‘muscle tonus’”’ increases the creatinine 
coefficient rises. No urinary examinations were made during 
the course of the present investigation but it is safe to assume 
that all of the feeble and emaciated patients whose muscle was 
found to possess such a low content in creatine had also an ex- 
tremely low creatinine coefficient. 
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INTRODUCTION. 





It has been known for a long time that the distillates from acidi- 
fied urine contain in addition to volatile acids, phenols, cresols, 
etc., certain non-phenolic or neutral volatile oils. The object of 
the present investigation was to isolate and identify these sub- 
stances or at least to determine the properties and composition 
more closely than has been done heretofore of these terpene- 
like volatile oils obtainable from the urine of various animals. 
This paper deals with the substances isolated from the neutral 
oil, the so called “‘Stidelers Oel’’ and the products described by 
some authors as ‘‘Urogon’”’ and “‘Urogol’’ obtained from cow urine. 

















This neutral oil was first observed and described by Stiadeler! as early 
as 1851 in his investigations regarding the volatile constituents of cow 
urine. He reports that the yellow oily liquid, finally obtained after dis- 
tilling concentrated urine acidified with hydrochloric acid, was treated 
with strong potassium hydroxide which left a slight oily residue. This 
alkali-insoluble oil was removed by distilling the strongly alkaline liquid 
with steam. 

The oil is described as having an agreeable odor resembling that of 
rosemary or origanum. It contained large quantities of nitrogen and it 
was soluble with a red color in concentrated sulfuric acid. The aqueous 
solution or suspension gave no color reaction with ferric chloride and it 
was not precipitated by basic lead acetate. The same author states that 
he had observed the occurrence of similar alkali-insoluble oils in the dis- 
tillates from horse urine and human urine but in the latter it was present 
in very minute quantities. 



















! Stadeler, G., Ann. Chem., 1851, Ixxvii, 17. 
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Various later investigators like Hoppe-Seyler,? Baumann,’ and Brieger‘ 
have reported the occurrence of similar alkali-insoluble oils in the distil- 
lates from the urine of various animals. Of course we concern ourselves 
here only with the occurrence of these volatile oilsin normal urine. The 
literature dealing with the metabolism and excretion of aromatic and 
terpene-like substances is so voluminous that it merely can be indicated 
in this place.® 

Although several investigators, as mentioned above, had observed 
neutral alkali-insoluble oils in normal urines these substances had never 
been examined carefully or analyzed by anyone, so far as we are aware, 
until a few years ago when Mooser,* to whose work reference must be made, 
reported a study of the aromatic substances of the urine. This author 
investigated particularly the neutral oil, the so called ‘‘Stidelers Oel.’’ 
This oil was obtained from cow urine as follows: The concentrated urine 
was acidified with sulfuric acid and distilled until the distillate did not 
react with Millon’s reagent. The distillates were united, mixed with 
calcium carbonate, and again subjected to distillation in an atmosphere 
of carbon dioxide. This second distillate was made slightly alkaline with 
potassium hydroxide and extracted with petroleum ether. The neutral 
oil isolated from this solution was washed several times with water and 
for further purification was treated in 20 gm. portions with 20 cc. of 10 
per cent potassium hydroxide, again taken up in petroleum ether, and fin- 
ally distilled in vacuum. The resulting distillate was a slightly yellow, 
strongly refractive oil of unpleasant odor which crystallized in needles 
when chilled in solid carbon dioxide. lt was free from nitrogen and in 
composition it agreed with the formula C;H;0O. 

This oil, which the above author named ‘Urogon,’’ is isomeric with 
cresol as it has the composition C;H,O, but for some reason it is believed 
to be different from cresol and is supposed to contain the ~-CO- group 
although it did not give any of the reactions characteristic of the car- 
bonyl group. In composition and properties it agrees closely with cresol 
but in spite of these facts it is considered to be a new and definite individ- 
ual substance. In the hands of the above author this ‘‘Urogon,’’ on 
treatment with potassium hydroxide, yielded two new compounds called 
““Urogol’”’ and ‘“‘Urogen.’’ 

When the crude oil ‘‘ Urogon’”’ was treated with sufficiently concentrated 
potassium hydroxide practically all of it went into solution with the ex- 
ception of a small quantity of oil which had a pleasant terpene- or cymol- 


’ 





2? Hoppe-Seyler, E. Handb. Phys. u. Path. Chem. Analyse, Berlin, 4th 
edition, 1875, 109. 

3’ Baumann, E., Arch. ges. Physiol., 1876, xiii, 285. 

4 Brieger, L., Z. physiol. Chem., 1880, iv, 204. 

5 Compare Neuberg, C., Der Harn, Berlin, 1911; and Hammarsten, 
O., Lehrb. phys. Chem., Weisbaden, 8th edition, 1914, for references to 
the literature on the subject. 

6 Mooser, W., Z. physiol. Chem., 1909, Ixiii, 155. 
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like odor. From the alkaline solution a phenol was isolated which had the 
composition C;HsO and which is called ‘Urogol.’’ Although this sub- 
stance had all the properties of and the same composition as cresol, it is 
nevertheless believed to be different and isomeric with cresol. By the 
action of potassium hydroxide on ‘‘ Urogon’’ there was also formed a hydro- 
carbon C2,H4 called ‘‘Urogen.”’ 

This author apparently permitted the small quantity of oil of pleasant 
terpene-like odor which remained on treating ‘‘Urogon’’ with potassium 
hydroxide to escape his attention and examination. This is the more 
strange since this particular alkali-insoluble portion of the distillate is 
the oil referred to by Stadeler. 

The work of Mooser has been extended and augmented by Fricke’? who 
claims to have found the substance ‘‘ Urogon’’ in the urine of most domestic 
animals as well as in human urine. It must be noted, however, that he 
felt satisfied in identifying ‘‘Urogon’’ by the smell and a few chemical 
reactions such as the red color developed with concentrated sulfuric 
acid and with Millon’s reagent and that the substance reacted neutral 
to litmus and did not reduce Fehling’s solution. In no case does he re- 
port the purification and analysis of any substance. 

Neuberg® mentions briefly that he did not succeed in preparing the 
substance ‘‘Urogon”’ in pure form and Neuberg and Czapski® throw doubt 
upon the existence of any such substance. These authors do not report 
any investigation of urine for ‘‘ Urogon’’ but base their doubt of its exist- 
ence upon the fact that both phenol and cresol may be extracted from an 
alkaline aqueous solution with petroleum ether. For this reason they 
hold that the oil called ‘‘Urogon’’ by Mooser and Fricke as well as the 
“‘Urogol’’ of Mooser must have consisted chiefly of cresol. 


As a result of our work we have found that the neutral oil called 
‘“Urogon”’ by Mooser is a mixture consisting principally of p- 
cresol, but containing a small percentage of a non-phenolic vola- 
tile oil having the composition C;oHi.O and consequently isomeric 
with camphor. The various details of the isolation and purifica- 
tion will be fully described in the experimental part. 

The phenol called ‘‘Urogol’’ by Mooser obtained from the 
“Urogon’’ by treatment with concentrated alkali possesses all 
the properties of p-cresol and yields derivatives identical with 
those of p-cresol; hence we do not believe that there is any room’ 
for doubt regarding the identity of these substances. 

The reason why cresol occurs in the residual neutral oil is due 
to the fact, as pointed out by Neuberg and Czapski,’ that cresol 


? Fricke, E., Arch. ges. Physiol., 1914, elvi, 225. 
8’ Neuberg, Der Harn, Berlin, 1911, i, 518. 
* Neuberg, C., and Czapski, L., Biochem. Z., 1914, Ixvii, 28. 
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is only slightly soluble in dilute alkali. As will be shown in the 
experimental part, we have found it impossible to completely 
extract all of the cresol even by 20 per cent sodium hydroxide 
from an ethereal solution of the mixed oils obtained on distilling 
urine. ' 
The non-phenolic oil, CioHieO, mentioned above, is light yellow 
in color and possesses an agreeable terpene- or essential oil-like 
odor. When acted upon by semicarbazide hydrochloride in 
glacial acetic acid solution it yields a crystalline semicarbazone 
melting at 165°. The substance, consequently, contains the 
carbonyl group and is either an aldehyde or a ketone. This was 
rather unexpected since similar compounds containing only the 
carbonyl! group, when introduced into the animal organism, 
become hydroxylated and are then eliminated as conjugated 
glucuronic acids.4° One would expect, therefore, that a sub- 
stance such as the one under consideration, which must have 
been excreted in conjugated form, would have contained the 
hydroxy] group. 

ln this connection the experiments described by Fromm, Hildebrandt, 
and Clemens," ‘“‘Uber das Verhalten des Camphens im Thierkérper,’’ are 
interesting. These authors after feeding camphene to rabbits isolated a 
conjugated glucuronic acid from the urine which on distilling with sulfuric 
acid gave a volatile oil of the composition CjoH,,O. After purifying over 
the bisulfite compound this substance crystallized and was found to be 
identical with camphenilan aldehyde. They believed, therefore, that 
camphene must be oxidized in the body to a dihydroxyl compound which 


is eliminated as a conjugated glucuronic acid. On cleavage the dihydroxy! 
compound easily splits off water giving the aldehyde. 


It is probable that the oil C;oHigO which we have isolated from 
cow urine had been eliminated in the same way and that the hy- 
droxyl groups had been split off during the distillation with the 
sulfuric acid. The above oil is present in urine in very small 
quantity; the amount at our disposal did not permit of a com- 
plete investigation, and we have not been able to identify the 
substance. 


10 Compare the works of Schmiedeberg, O., and Meyer, H., Z. physiol. 
Chem., 1879, iii, 422; Sundvik, E., Akad. Afhandling, Helsingfors, 1886; 
Fromm, E., and Hildebrandt, H., Z. Physiol. Chem., 1901, xxxiii, 579. 

1 Fromm, E., Hildebrandt, H., and Clemens, P., Z. physiol. Chem., 
1902-03, xxxvii, 189. 
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It would seem, however, that the above oil is not a constant 
metabolic product, since the oil isolated from the urine during 
the winter, although it had the same composition, did not give 
a crystalline semicarbazone. Evidently, therefore, the nature 
of the non-phenolic oils excreted in the urine depends upon 
the nature of the terpene-like substances contained in the feed. 


EXPERIMENTAL. 


Mixed urine from a herd of cows was collected during the 
summer while the animals were part of the time in pasture. The 
fresh urine was concentrated to about one-eighth of its volume 
and then strongly acidified with sulfuric acid and distilled with 
steam until no more oil went over. The distillate was made 
strongly alkaline with sodium hydroxide and extracted with sev- 
eral portions of ether. The ethereal solution was further shaken 
for some time with dilute sodium hydroxide and after that with 
dilute sulfuric acid and finally washed with water. After drying 
with sodium sulfate the ether was evaporated and the residue dis- 
tilled in vacuum. From 127 liters of urine 38.75 gm. of oil were 
obtained. 

The light yellow oil was of neutral reaction on litmus paper 
and it possessed an extremely unpleasant penetrating odor which 
resembled the peculiar smell of a cow stable. It contained neither 
nitrogen nor sulfur. With concentrated nitric acid it reacted with 
great violence. When shaken with concentrated sodium or 
potassium hydroxide the disgusting odor disappeared and an 
agreeable terpene-like odor resulted. Bromine was _ readily 
absorbed with liberation of hydrobromic acid. It was soluble 
in all proportions in all the organic solvents and in concentrated 
sulfurie acid it dissolved with a red color. It was insoluble in 
concentrated hydrochloric acid or in ammonia. It did not re- 
duce Fehling’s solution but an ammoniacal solution of silver 
nitrate was reduced on heating. 

On analysis the following result was obtained. 


0.1988 gm. pf substance gave 0.1365 gm. H2O and 0.5630 gm. COs. 
Found: C = 77.24; H = 7.68 per cent. 


Molecular weight determinations were made by the freezing 
point method using benzene as solvent and the following figures 
obtained. 
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2. 
Weight of substance, gm . 204: 0.2364 
‘benzene, gm 15.1615 
Depression ; 0.661° 


Mol. wt 115 


The properties, reactions, composition and molecular weight 
correspond with those described by Mooser® for the neutral oil 
from cow urine to which he gave the name ‘“Urogon.”’ 

This oil, however, was not a homogeneous substance but could 
be separated into two fractions. After fractionating in high 
vacuum three times the first portion of the final distillate which 
embraced about 75 per cent of the total oil went over between 
68-69° at 0.5 mm. pressure. 

The residues from these distillations were reserved for further 
examination. 

The product obtained, as above, was a practically colorless 
oil slightly heavier than water, and it had a distinctly phenolic 
but not unpleasant odor. Its aqueous solution gave a fine blue 
coloration with ferric chloride. With concentrated nitric acid 
it reacted with great violence and it dissolved in concentrated 
sulfuric acid with a red color. It was completely soluble in 
concentrated sodium or potassium hydroxide. When cooled 
in a freezing mixture of ice and salt it crystallized to a white 
solid mass. It gave the following result on analysis. 


0.1852 gm. of substance gave 0.1263 gm. H:O and 0.5244 gm. COs». 
Found: C = 77.22; H = 7.63 per cent. 


The substance crystallized, as already mentioned, when it was 
cooled in a freezing mixture. When some of these crystals were 
introduced into the oil previously cooled to 13° practically the 
whole substance changed slowly into massive prisms. For the 
removal of traces of adhering oil the crystals were pressed be- 
tween filter paper. There remained a snow-white mass of crystals 
which melted at 21°, and it boiled at atmospheric pressure at 
198.5° (uncorrected). This crystalline substance was analyzed. 


0.1457 gm. of substance gave 0.0967 gm. H.O and 0.4140 gm. COs». 
Found: C = 77.49; H = 7.42 per cent. 
For cresol, C;H;O = 108. Calculated: C = 77.77; H = 7.40 per cent. 
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It will be noticed from the above analyses that both the oil 
and the crystalline substance have the same composition. The 
substance is identical with the ‘‘Urogol’’ of Mooser but it is evident 
from the above analyses that it is also either identical or isomeric 
with cresol. Despite the low melting point we believe that it is 
nearly pure p-cresol for the reasons to be shown below. 

Its solubility in concentrated alkali and its blue coloration with 
ferric chloride indicated its phenolic nature and it gave no reac- 
tions characteristic of aldehyde or ketone groups; 7.e., it gave 
no crystalline derivatives with phenylhydrazine, sodium bisulfite, 
hydroxylamine, or semicarbazide hydrochlorides. 

It gave, however, two bromine substitution products corres- 
ponding to mono- and dibrom cresol. The dibrom compound 
had the same melting point as given for dibrom p-cresol. 













Bromination of the Substance. 









Preparation of the Monobrom Derivative-—The oil, 2.7 gm. 
(one molecule), was dissolved in 50 cc. of chloroform ‘and to it 
were added 4 gm. (one molecule) of bromine dissolved in 25 cc. 

: of chloroform. The bromine color disappeared immediately and 

4 much hydrobromic acid was given off. The chloroform solution . 

; was washed several times with water to remove the hydrobromic 

acid and then dried with sodium sulfate and the chloroform dis- 

tilled off. An oily residue remained of intensely penetrating odor. 

It did not solidify in a freezing mixture. In vacuum at 3 mm. 

pressure it boiled at 80-81°. It was obtained as a colorless, 

highly refractive, heavy oil which rapidly darkened when exposed 

to the light. The yield was 3.4 gm. which corresponds to 74 per 

cent of monobrom derivative. The substance was analyzed at 

once. 
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1. 0.1586 gm. of substance gave 0.0530 gm. H2O and 0.2609 gm. COr. 
2. 0.1615 ** “ ” * 2a FN. ae ” 
0.1825 “** ‘“ " “ ¢€it" Age. 
Found: 1. C = 44.86; H = 3.73; Br = 42.37 per cent. 
2. C = 45.39; H = 4.09 per cent. 
For monobrom cresol, C;H;BrO = 186.9. 
Caleulated: C = 44.94; H = 3.74; Br = 42.75 per cent. 
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Preparation of the Dibrom Derivative.-—This was easily formed 
by the action of 4 gm. (two molecules) of bromine upon 1.35 
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gm. (one molecule) of the oil in chloroform solution. The bromine 
color disappeared immediately until about one-half of the bro- 
mine had been added, but after that more slowly. After stand- 
ing for 3 hours at room temperature the bromine color had dis- 
appeared. The hydrobromic acid was then washed out with 
water and the chloroform solution dried with sodium sulfate. 
After evaporating the chloroform in vacuum there remained 
a light yellow colored oil which immediately crystallized when 
placed in a freezing mixture. 

The crystals were extremely soluble in all of the ordinary 
organic solvents but insoluble in water and it was found impossible 
to recrystallize the substance from any of the above solvents. 
On the spontaneous evaporation of the solvents, however, the 
substance separated in crystalline form, some of the crystals 
being delicate colorless needles or prisms over an inch long. 

The substance was finally recrystallized as follows: It was dis- 
solved in chloroform and placed in an open crystallizing dish 
and the chloroform evaporated in a vacuum desiccator. The 
crystalline substance which remained was separated mechanically 
from the dark colored portion and recrystallized in the same 
manner. From this second recrystallization there were obtained 
1.7 gm. of practically colorless crystals. When slowly heated 
the substance melted between 48-49° (uncorrected). Accord- 
ing to Beilstein the crystalline dibrom p-cresol melts at 48-49°. 

A larger quantity of the substance was prepared and recrys- 
tallized from ligroin. This also melted between 48-49°. The 
following result was obtained on analysis. 


0.2070 gm. of substance gave 0.0433 gm. H:O and 0.2382 gm. COs. 
—"”* = ‘ 60.2425 “ AgBr. 

Found: C = 31.38; H = 2.34; Br = 60.63 per cent. 

For dibrom cresol, C;7HsBr.O = 265.8. 

Calculated: C = 31.60; H = 2.25; Br = 60.12 per cent. 


Judging by melting point and composition the above crystal- 
line substance is pure dibrom p-cresol. 

In order to determine whether the substance would take up 
more than two atoms of bromine the following experiment was 
carried out: To 1.35 gm. (one molecule) of the oil in 50 ec. of 
chloroform were added 6 gm. (three molecules) of bromine in 
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25 ec. of chloroform. This was allowed to stand for 3 hours at 
room temperature. The color at the end of this time was deep 
brown, showing the presence of bromine. The chloroform was 
washed with water to take up the hydrobromic acid and the 
excess of bromine was removed by shaking with a solution of 
sodium bisulfite. The chloroform solution was again washed 
with water and finally dried with sodium sulfate. After evapora- 
ting the chloroform the oily residue crystallized on cooling in 
ice water. After dissolving in chloroform and transferring to 
a tared crystallizing dish the chloroform was evaporated at room 
temperature in a vacuum desiccator. After drying in vacuum 
over sulfuric acid the crystals weighed 3.4 gm. which is equal to 
about 100 per cent yield of the dibrom p-cresol. This behavior 
of taking up only two atoms of bromine under ordinary conditions 
is characteristic of o- and p-cresol while the m-cresol under like 
conditions takes up three atoms of bromine.” 

It would seem from the properties and composition of the 
above oil and particularly those of the bromine derivatives just 
described that the substance in question is cresol and apparently 

¢ nearly pure p-cresol. The substance is also by its method of 

4 preparation and its properties identical with the product named 

“Urogol’”? by Mooser. Evidently, therefore, this designation 

is superfluous since the substance possesses all the properties and 

reactions of p-cresol. 























Examination of the Oily Residues Remaining after Isolating the 
p-Cresol. 











The residues were united and repeatedly fractionated in vacuum, 
when there was finally obtained a small amount of a light yellow 
oil of agreeable terpene-like odor. It did not react with cold 
concentrated nitric acid but the oil turned reddish, then violet, 
and finally deep purple in color. On heating with concentrated 
nitric acid it dissolved without any visible reaction and on dilu- 
ting with water a cloudy solution resulted. In concentrated sul- 
furic acid it dissolves with a red color. It is insoluble in con- 
centrated sodium or potassium hydroxide even on boiling but 
the oil turns dark in color. After shaking with water the aqueous 
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12 Meyer, V., and Jacobson, P., Lehrb. organ. Chem., 1902, ii, pt. i, 379. 
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solution gives no reaction with ferric chloride. It is very soluble 
in all of the ordinary organic solvents but insoluble in water. 
The aqueous suspension of the oil reduces ammoniacal silver 
nitrate on heating. Potassium permanganate solution is decolor- 
ized when added to the oil suspended in water. In chloroform 
solution bromine is absorbed at once with liberation of hydro- 
bromic acid. The oil went over at 102° at about 1 mm. pressure. 
On analysis the following result was obtained. 


0.1538 gm. of substance gave 0.1490 gm. H:,O and 0.4413 gm. CO». 
Found: C = 78.25; H = 10.84 per cent. 


The oil was dissolved in a little ether and thoroughly shaken 
with 20 per cent sodium hydroxide for some time. After wash- 
ing with water the ethereal solution was dried with sodium sul- 
fate, the ether evaporated, and the oily residue distilled in vacuum. 
At 1 mm. pressure the oil went over at the same temperature as 
before; viz., at 102°. It weighed 2.5 gm. It had the same ap- 
pearance, odor, and properties as before treatment with sodium 
hydroxide. On analysis it gave the following results. 


0.1608 gm. of substance gave 0.1599 gm. H.O and 0.4652 gm. COs. 
Found: C = 78.90; H = 11.12 per cent. 

The composition agrees fairly well with the formula CyoH;.0. 

For CiHieO = 152. Caleulated: C = 78.94; H = 10.52 per cent. 


Attempts to Prepare Crystalline Derivatives from the Oil C\.H,,0. 


The substance did not react with phenylisocyanate and conse- 
quently it cannot contain an —OH group. It gave no crystalline 
derivatives with phenylhydrazine hydrochloride and it did not 
react with sodium bisulfite. 

A crystalline semicarbazone, however, was obtained as follows. 
0.76 gm. of the oil was dissolved in 10 ce. of glacial acetic acid and 
to it were added 0.6 gm. of semicarbazide hydrochloride and 0.8 
gm. of sodium acetate dissolved in 2 ec. of water. The solution 
was allowed to stand for 2 days at room temperature. It was 
then diluted with water and the oil which separated was extracted 
with ether. The ethereal solution was shaken with dilute sodium 
hydroxide to remove acetic acid and then dried over sodium sul- 
fate. After evaporating the ether, the oily residue was trans- 
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ferred to a crystallizing dish with ether and the latter evaporated 
in a vacuum desiccator. The oil which remained crystallized 
nearly completely on standing. The crystals were freed from 
adhering oil as much as possible by pressing between filter paper 
and then recrystallized from benzene from which it separated 
in plates. It was again recrystallized by dissolving in a little 
methyl aleohol and adding hot water until the solution turned 
cloudy. On cooling, the substance separated in colorless plates. 
After standing in the ice box over night the crystals were filtered 
off, washed in 50 per cent methy! alcohol and water, and then 
dried at 100°. The product was snow-white and was practically 
odorless, and it weighed about 0.1 gm. When slowly heated it 
melted at 165° (uncorrected). It was analyzed after drying at 
105° in vacuum over phosphorus pentoxide, when it did not 
lose in weight. 














0.0798 gm. of substance gave 0.0692 gm. H.O and 0.1838 gm. COs. 
For CroHis: N. NH.CO.NH:2 = 209. 

Calculated: C = 63.15; H = 9.09; N = 20.09 per cent. 

Found: C = 62.82; H = 9.70 per cent. 






Unfortunately we were unable to make any further tests to 
determine the nature or constitution of this neutral oil on ac- 
count of lack of material, most of the substance having been 
used up in making preliminary experiments. There appears, 
however, to be no doubt that the neutral non-phenolic oil ob- 
tained from cow urine during the summer has the composition 
C,,H,.0 and is isomeric with camphor. 
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Further Preparation of the Non-Phenolic Volatile Oil from Cow Urine. 





About 430 liters of mixed urine from a herd of cows were collected 
during the winter, from February 29 to March 25. The fresh 
urine was evaporated and distilled as before. The distillates 
were extracted with ether. The ethereal solutions were vigor- 
ously shaken with three separate portions of 20 per cent sodium 
hydroxide and then with dilute sulfuric acid and finally washed 
with water. After drying with sodium sulfate the ether was 
evaporated and the oily residue distilled in vacuum. There 
were obtained 8.2 gm. of a light yellow oil of a penetrating, not 
unpleasant odor. The aqueous solution gave no reaction with 
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ferric chloride, but it reacted slightly with concentrated nitric 
acid which indicated the presence of phenols. For further puri- 
fication the oil was transferred to a distilling flask with a little 
ether and vigorously shaken with 20 per cent sodium hydroxide 
and finally distilled with steam. 

The light yellow oil which went over was extracted with ether, 
dried with sodium sulfate, and after filtering and evaporating 
the ether the residue was fractionated. 

The alkaline liquid above, remaining after distilling with steam, 
was extracted with ether and then acidified with sulfuric acid. 
The oily substance which separated was taken up with ether, 
the latter dried and evaporated, and the residue distilled. The 
oil went over at about 76° and 2 mm. pressure. It weighed 2.7 
gm. It was a practically colorless oil of distinct phenolic odor. 
With concentrated nitric acid it reacted with great violence. 
It was completely soluble in concentrated alkali. The aqueous 
suspension gave a fine blue coloration with ferric chloride. When 
cooled in a freezing mixture of ice and salt the oil crystallized 
to a white mass. All of these reactions indicate that the substance 
was cresol. It is evident from this how difficult it is to extract 
all of the phenols or cresols from an ethereal solution even with 
20 per cent sodium hydroxide. 

The volatile oil mentioned above after distilling over sodium 
hydroxide was further fractionated, and yielded two principal 
fractions. Fraction 1 showed the same boiling point as the 
cresol and weighed 1 gm. It was a light yellow oil of pleasant 
ethereal and non-phenolic odor. It gave no reaction with ferric 
chloride and did not react with concentrated nitric acid. It was 
insoluble in concentrated alkali. Neither nitrogen nor sulfur 
could be detected. It gave the following results on analysis. 


0.1285 gm. of substance gave 0.1219 gm. H2O and 0.3523 gm. COb. 
Found: C = 74.77; H = 10°61 per cent. 

This nearly agrees with tetrahydrocresol C;H,,O = 112. 
Calculated: C = 75.00; H = 10.71 per cent. 


An attempt was made to prepare a derivative with phenyliso- 
cyanate as follows: 0.56 gm. of the oil was mixed with 0.60 gm. 
of phenylisocyanate in a dry test-tube which was immediately 
sealed. It was gently warmed for a short time and allowed to 
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stand at room temperature over night. A considerable amount 
of colorless crystals had then separated. In the hope of com- 
pleting the crystallization the tube was heated on the water bath 
for several hours. All the crystals had then dissolved and it 
was found impossible to induce the formation of any further crys- 
tallization in the solution; even on standing for several weeks not 
a single crystal formed. The small available quantity of the oil 
prevented any further examination. 

Fraction 2 of the above neutral oil went over at about 100° 
at 0.25 mm. pressure. This portion weighed 2.5 gm. and as far 
as color, odor, and reactions were concerned it seemed to be iden- 
tical with the non-phenolic oil C,o)H,0 previously described in 
this paper. It also had the same composition and it was free 
from nitrogen and sulfur. 

















0.1592 gm. of substance gave 0.1489 gm. H.O and 0.4571 gm. CO». 
Found: C = 78.30; H = 10.46 per cent. 
For CyjHiO = 152. Calculated: C = 78.94; H = 10.52 per cent. 












Although the oil had the same percentage composition as the 
product isolated from cow urine during the summer it was dif- 
ferent in that it did not give a crystalline semicarbazone. After 
acting upon the substance with semicarbazide hydrochloride in 
the same way as before an oil was obtained which did not crystal- 
lize and on distillation in high vacuum nearly one-half of the 
original oil was recovered unchanged as it boiled at the same 
temperature and it had the same composition. 





Sapte: Wigs 












Found: C = 79.15; H = 10.49 per cent. 










A considerable residue remained in the distillation flask. It 
: was a sticky, non-crystallizable syrup which contained a large 
; 
. 





quantity of nitrogen. It was probably a condensation product 
with semicarbazide but it did not crystallize itself nor could it 
be brought to crystallization in any of the usual solvents. 

It would seem, then, that a portion of the non-phenolic oil 
excreted during the winter, although it has the same percentage 
composition, differs in constitution from the oil excreted during 
the summer. In addition, the winter urine contained an oil 
having a lower boiling point and a lower carbon content than that 
obtained in the summer. 
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We believe for this reason that the nature of the terpene-like 
substances contained in the feed condition the nature and com- 
position of the volatile oils excreted in the urine. If this view 
is correct it is not surprising that the non-phenolic volatile oils 
excreted in the urine during the winter differ from those which 
are excreted in the summer when a part of the ration consists 
of green grass. It also follows that the non-phenolic oils of the 
urine are not constant metabolic products but that their nature 
to a large extent will depend upon the nature of the mother 
substances contained in the feed and are consequently of minor 
importance in the animal metabolism. 


SUMMARY. 


It has been shown that the so called neutral oil obtained from 
cow urine consists for the greater part of p-cresol. Mixed with 
this, however, there is present a very small percentage of an aro- 
matic non-phenolic oil of agreeable odor having the composi- 
tion C;o9H;,0. This substance is present in larger amount dur- 
ing the summer than in the winter. The non-phenolic oils 
excreted during the winter are not chemically identical with 
those eliminated during the summer. The nature of these sub- 
stances apparently depends upon the nature of the terpene-like 
bodies contained in the feed which the animals obtain. 

The substance called “Urogon’”’ by Mooser is a mixture of 
p-cresol and the above non-phenolic neutral oils. 

The ‘‘Urogol” of Mooser we have shown to give the same de- 
rivatives as p-cresol and hence we believe that “‘Urogol’”’ and 
p-cresol are identical. 

Attention is called to the difficulty of removing phenols from 
an ethereal solution of phenols and non-phenolic oils by extrac- 
tion with aqueous alkali. 





CONCERNING CERTAIN AROMATIC CONSTITUENTS 
OF URINE. 


II. THE NON-PHENOLIC VOLATILE OILS OF GOAT URINE. 
By R. J. ANDERSON. 


(From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva. ) 


(Received for publication, July 24, 1916.) 
INTRODUCTION. 


It has been shown in a previous report from this laboratory' 
that the neutral oil, the so called ‘‘ Urogon”’ of Mooser,? isolated 
from the distillates of acidified cow urine consists principally of 
p-cresol mixed with a very small percentage of a non-phenolic 
volatile oil. having the composition represented by the formula 
C;oH,0, thus confirming the opinion expressed by Neuberg and 
Czapski*® that ‘‘Urogon”’ was not a homogeneous substance but 
a mixture consisting largely of p-cresol. Since it has been claimed 
by Fricke* that the distillates from goat urine yield a neutral 
oil identical with ‘“‘ Urogon,”’ we have also prepared and examined 
the neutral oil obtained from this source. 

The goat urine was concentrated and distilled in the same way 
as the cow urine and the oil was isolated in the same manner. 
By treatment with 20 per cent sodium hydroxide this neutral 
oil or ‘‘Urogon’”’ was separated into two portions—the alkali- 
soluble and the alkali-insoluble. 

The alkali-soluble portion was found to be identical in every 
respect with p-cresol. It combined with phenylisocyanate giv- 
ing a crystalline compound which had the composition and 
melting point required for p-cresol urethane, and by the action 
of nitric acid the 3-5-dinitro p-cresol was also formed. These 


1 Anderson, R. J., J. Biol. Chem., 1916, xxvi, 387. 
2 Mooser, W., Z. physiol. Chem., 1909, Ixiii, 155. 
3’ Neuberg, C., and Czapski, L., Biochem. Z., 1914, Ixvii, 28. 
4 Fricke, E., Arch. ges. Physiol., 1914, elvi, 225. 
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derivatives in addition to the reactions and properties of the 
substance itself leave no doubt that it was p-cresol. 

The alkali-insoluble portion of the crude neutral oil was found 
to be identical in every particular with the non-phenolic oil iso- 
lated from cow urine. It had the same appearance and odor and 
in composition it agreed with the formula C;oHi.O. This oil 
gave a crystalline semicarbazone when acted upon with semi- 
‘arbazide hydrochloride in glacial acetic acid solution which in 
crystal form and solubilities was identical with the semicarbazone 
obtained from the oil from cow urine and like the latter it melted 
at 165°. 

It is evident, therefore, that the neutral oils or ‘‘ Urogon”’ 
isolated from cow and goat urine are identical and that they 
consist of a mixture containing principally p-cresol with a small 
percentage of a non-phenolic volatile oil having the composition 
expressed by the formula Ci9H).0. 


EXPERIMENTAL. 


-The urine was collected during the summer when the animals 


were fed on green alfalfa, hay, oats, and corn meal. After evap- 
orating the fresh urine to about one-eighth of its volume it was 
strongly acidified with sulfuric acid and distilled, partly direct 
and partly with steam, until no further oil appeared in the dis- 
tillate. The distillates were transferred ‘to a large separating 
funnel and rendered strongly alkaline with sodium hydroxide 
and then extracted several times with ether. The ethereal 
solutions were again shaken with sodium hydroxide and then 
with dilute sulfuric acid and finally washed several times with 
water. After drying with sodium sulfate and filtering, the 
ether was evaporated. The oily residue was of dark yellow color 
and it possessed a very penetrating, persistent, and disgusting 
odor which resembled the natural odor peculiar to goats. In all, 
45 liters of goat urine were distilled which yielded 22.3 gm. of 
oil after distilling in vacuum at 1 mm. pressure. 

The distillate was a light yellow oil of the same disgusting odor 
as the raw product. It was neutral to litmus and contained 
neither nitrogen nor sulfur. With concentrated nitric acid it 
reacted with great violence. Suspended in water it was immedi- 
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ately oxidized by potassium permanganate. It did not reduce 
Fehling’s solution but an alkaline solution of silver nitrate was 
reduced on heating. In chloroform solution the substance takes 
up bromine with liberation of hydrobromic acid. ‘The oil is easily 
soluble in all proportions in the ordinary organic solvents but 
insoluble in water or dilute alkali. When treated with con- 
centrated alkali the disgusting odor disappeared and a pleasant 
terpene-like odor resulted. On analysis the following result 
was obtained. 


0.1537 gm. of substance gave 0.1078 gm. H.O and 0.4350 gm. COs. 
Found: C = 77.19; H = 7.84 per cent. 


These figures agree with those found for the neutral oil from 
cow urine.! The composition is also identical with that of the 
substance called ‘‘Urogon’”’ by Mooser.? 

Since the oil had been extracted from a strongly alkaline liquid 
and as the ethereal solution had been further treated with sodium 
hydroxide it was thought that phenols had been completely 
removed. However, this was by no means the case, as will be 
shown below. 

The oil was further carefully fractionated in high vacuum at 
about 1 mm. pressure when the temperature rose slowly but con- 
tinuously, indicating that the substance was not homogeneous. 
After the greater portion had been distillated, the residue, a 
light yellow oil, was taken up in a little ether and shaken for a 
long time with 20 per cent sodium hydroxide. The ethereal 
solution was washed with water, dried with sodium sulfate, 
filtered, and the ether evaporated. 

The oily residue was distilled and at 1 mm. pressure it went over 
between 101-102°. The distillate, which weighed 1.5 gm., was a 
light yellow colored oil, of agreeable terpene-like odor and it ap- 
peared identical with the oil obtained from cow urine. It dis- 
solved in concentrated sulfuric acid with a red color. It gave no 
reaction with concentrated nitric acid; on warming the acid the 
oil dissolved without any visible reaction and on diluting with 
water a cloudy solution resulted. It was insoluble in 20 per 
cent sodium hydroxide or in 40 per cent potassium hydroxide 
and on heating these solutions to boiling the oil turned brown in 
color. It did not crystallize or solidify on cooling in a freezing 
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mixture to —20°. The aqueous suspension gave no color reaction 
with ferric chloride. Alkaline silver nitrate was reduced on 
heating and potassium permanganate was decolorized at room 
temperature. 

The first and principal portion of the distillate mentioned above 
was treated with sodium hydroxide, 20 per cent, in the same 
manner and it yielded 0.9 gm. of the non-phenolic oil boiling at 
101—102° at 1 mm. pressure. 

The alkaline solutions were reserved for further examination. 
The non-phenolic oils were analyzed and the following result was 
obtained. 


First Preparation. 


0.1716 gm. of substance gave 0.1713 gm. H2O and 0.4923 gm. COr. 
Found: C = 78.24; H = 11.17 per cent. 


Second Preparation. 


0.1008 gm. of substance gave 0.1019 gm. H:O and 0.2908 gm. COs. 
Found: C = 78.68; H = 11.31 per cent. 
For C,oHis0 = 152. Calculated: C = 78.94; 10.52 per cent. 


Preparation of the Semicarbazone. 


The oil, 1.1 gm., was dissolved in 13 ce. of glacial acetic acid and 
to it was added a solution of 0.9 gm. semicarbazide hydrochloride 
and 1.3 gm. of sodium acetate in 2.5 ce. of water. After standing 
for 3 or 4 days at room temperature, the perfectly clear solution 
was diluted with water and the oily substance which separated 
was extracted with ether. The ethereal solution was washed 
with dilute sodium hydroxide to remove acetic acid and then 
washed with water and dried with sodium sulfate. After filter- 
ing, the ether was evaporated. The oily residue crystallized 
partially on standing. To remove adhering oil the substance 
was spread upon a clay plate. The pure white crystalline sub- 
stance which remained was twice recrystallized by dissolving 
in hot methyl alcohol and adding hot water until the solution 
turned cloudy. On cooling, the substance separated in colorless 
plates. The snow white product finally obtained weighed 0.1 gm. 
The crystal form was identical with that of the semicarbazone 
obtained from the non-phenolic oil from cow urine and like the 
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latter this substance also melted sharply at 165° (uncorrected). 
Since the crystal form and melting point of the two semicarbazones 
were exactly alike we believe that the substances were identical. 


Examination of the Alkali-Soluble Portion of the Crude Neutral Oil. 


The alkaline solution was acidified with sulfuric acid and the oil 
which separated was extracted with ether. The ethereal solution 
was dried with sodium sulfate, filtered, and the ether distilled off. 
The oil which remained was distilled in vacuum and at about 1 mm. 
pressure it went over at 76°. It was obtained as a practically 
colorless oil of distinctly phenolic odor. It was completely 
soluble in 20 per cent sodium hydroxide. It reacted with great 
violence with a concentrated nitric acid. In concentrated sul- 
furic acid it dissolved with a faint red color. When cooled in a 
freezing mixture of ice and salt it crystallized to a white solid 
mass which again liquefied at room temperature. Its aqueous 
solution or suspension gave a fine blue color with ferric chloride. 
At atmospheric pressure the oil boiled at 198° (uncorrected). 
The analysis gave the following result. 


0.1042 gm. of substance gave 0.0744 gm. H2O and 0.2949 gm. CO, 
0.1696 gm. of substance gave 0.1172 gm. H.O and 0.4816 gm. COn. 
Found: C = 77.18; H = 7.99 per cent. 

C = 77.44; H = 7.55 per cent. 
For cresol, C;H;O0 = 108. Calculated: C = 77.77; H = 7.40 per cent. 


Preparation of Cresol Urethane. 


The cresol urethane was easily prepared according to the method 
of Snape’ as follows: 1.08 gm. of the substance analyzed above 
and 1.19 gm. of phenylisocyanate were heated in a sealed tube 
for 16 hours in the steam bath. At the end of this time the con- 
tent was still fluid but on shaking for a few minutes it crystallized, 
forming a solid mass. The substance was removed from the tube 
and washed several times with petroleum ether. It was then 
recrystallized by dissolving in 20 cc. of hot alcohol and adding 
hot water until the solution turned cloudy. On scratching, the 
substance began to separate in large colorless plates. After 


5 Snape, H. L., Ber. chem. Ges., 1885, xviii, 2429. 
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standing in ice water for some time the crystals were filtered off 
and washed in dilute alcohol. The substance was again recrystal- 
lized from 10 ce. of hot alcohol from which it separated, on cool- 
ing slowly, in long colorless needles or prisms. When the alcoholic 
solution is cooled quickly the substance separated in large color- 
less plates. The crystals were filtered and washed in a little ice 
cold alcohol and allowed to dry in the air. Yield: 0.9 gm. The 
balance of the substance can be obtained by adding water to the 
alcoholic solution. 

When heated in a capillary tube the substance melted at 113° 
(uncorrected). According to Leuckart,® as quoted in Beilstein, 
the urethane of p-cresol melts at 114°. After drying at 100° in 
vacuum over phosphorus pentoxide when it did not lose in weight 
the substance was analyzed. 


0.1391 gm. of substance gave 0.0720 gm. HO and 0.3760 gm. COs. 
For cresol urethane CH;.CsH,O. CO.NH.C,H; = 227. 
Calculated: C = 74.01; H = 5.72; N = 6.16 per cent. 

Found: C = 73.72; H = 5.79 per cent. 


Preparation of the Dinitro Cresol. 


The oil itself, as has been mentioned previously, reacts with 
great violence with concentrated nitric acid. Sometimes long 
yellow needles separate when the reaction mixture cools but 
most frequently dark colored oily masses are obtained. However, 
the dinitro derivative is easily obtained by the method mentioned 
in Beilstein. About 4 gm. of the oil were dissolved in 4 cc. of 
glacial acetic acid. To this solution was added slowly a mixture 
of 6 cc. of concentrated nitric acid dissolved in 6 ce. of glacial 
acetic acid. The vigorous reaction was soon completed and on 
standing a short time the nitro compound began to separate in 
long needles. After standing for 2 hours in the ice box the yellow 
crystals were filtered off and washed thoroughly in water. For 
recrystallization the substance was dissolved in a large quantity 
of boiling water (about 1.5 liters). The substance is very slightly 
soluble in water. At first it melts in the hot water and dissolves 
very slowly on continued boiling. After filtering and cooling 
slowly to room temperature long delicate golden yellow needles 


6 Leuckart, R., J. prakt. Chem., 1890, xli, 319. 
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separated. These were filtered off, washed in water, and dried 
over sulfuric acid in a vacuum desiccator. 

The crystals melted when heated in a capillary tube at 83° 
(uncorrected). The 3-5-dinitro p-cresol according to Beilstein 
melts at 85°. The substance does not contain any water of 
crystallization as it does not lose in weight on drying over phos- 
phorus pentoxide at the temperature of boiling chloroform. From 
alcohol the substance crystallizes in very massive dark yellow 
needles which also melted at 83°. On analysis the following 
result was obtained. 


0.1718 gm. of substance gave 0.0509 gm. H2O and 0.2678 gm. COs. 
For dinitro cresol, CH3;. CesH2(NO2z)2. OH = 198. 
Calculated: C = 42.42; H = 3.03; N = 14.14 per cent. 

Found: C = 42.51; H = 3.31 per cent. 


For comparison with the above dinitro cresol we prepared a 
dinitro compound by the same method from the cresol isolated 
from cow urine. From the distillates from cow urine we had 
obtained about 300 gm. of cresol as a by-product in the prep- 
aration of the non-phenolic volatile oils previously described.! 
The two dinitro derivatives were found to be identical in every 
respect. The dinitro cresol from cow urine crystallized from 
alcohol in massive dark yellow needles which melted at 83° 
(uncorrected), and from water it separated in long delicate golden 
yellow needles which also melted at 83° (uncorrected). The 
identity of the two substances was further confirmed by the 
analysis. 


0.1177 gm. of substance gave 0.0339 gm. H.O and 0.1817 gm. COs. 
Found: C = 42.10; H = 3.22 per cent. 


There appears to be no doubt from the work reported above 
that the alkali-soluble portion of the crude oil obtained from goat 
urine was identical with the oil obtained under similar conditions 
from cow urine. The study of the substance itself and the 
derivatives mentioned above makes it evident that the oil is p- 
cresol. The substance is also identical with the phenol ¢alled 
“‘Urogol”’ by Mooser.? Since wehave shown, however, that the 
above oil is identical with p-cresol it is evident that ‘‘ Urogol’’ 
also is not isomeric but identical with p-cresol. 
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SUMMARY. 


The experimental data presented in this paper show that the 
neutral oil obtained from goat urine, which was described under 
the name of ‘‘ Urogon”’ by Fricke, is a mixture. 

The oil contains principally p-cresol mixed with a small per- 
centage of a non-phenolic volatile oil, the composition correspond- 
ing to the formula C,9Hi.0. 

Both of these substances are identical with the oils isolated 
from cow urine. 





CONCERNING CERTAIN AROMATIC CONSTITUENTS 
OF URINE. 


III. THE NON-PHENOLIC VOLATILE OILS OF HORSE 
AND HUMAN URINE. 


By R. J. ANDERSON. 


(From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva.) 


(Received for publication, July 24, 1916.) 


INTRODUCTION. 


lt was reported by Stideler! that the distillates from acidified urines 
from horses and human beings contained certain alkali-insoluble volatile 
oils similar to the oil obtained from cow urine. Other investigators have 
observed and confirmed this report of Stideler. Hoppe-Seyler? states 
that in horse urine there occur in addition to phenols also volatile camphor- 
like substances and Baumann,’ in his exhaustive investigations concern- 
ing the conjugated sulfuric acids in urine observed a similar substance. 
This author states, ‘‘Destilliert man das durch Zersetzung einer grésseren 
Menge Pferdeharn erhaltene, auf dem Wasser meist schwimmende Ocel 
mit Atzkali, so erhilt man im Destillat auf dem Wasser schwimmende gelbe 
oelige Tropfen die frei von phenolartige K6érper sind. Dieselben besitzen 
einen eigentiimlichen, an gewisse iitherische Oele erinnernden Geruch.’’ 
Brieger‘ describes a similar oil obtained from human urine. This sub- 
stance is described as a light yellow colored oil of pleasant peppermint-like 
odor. By cooling, it neither solidified nor crystallized. lt contained 
nitrogen. It gave red colorations with fuming nitric acid, concentrated 
sulfuric acid, and with Millon’s reagent. With concentrated hydrochloric 
acid it gave a fine red color which changed into blue and after a while into 
a dirty violet. Bromine water gave a resinous precipitate but the oil gave 
no color reaction with ferric chloride. Given to a rabbit it caused no 
visible disturbance. 





1 Staideler, G., Ann. Chem., 1851, Ixxvii, 17. 

2 Hoppe-Seyler, E., Handb. Phys. u. Path. Chem. Analyse, Berlin, 4th 
edition, 1875, 109. 

3 Baumann, E., Arch. ges. Physiol., 1876, xiii, 285. 

4 Brieger, L., Z. physiol. Chem., 1880, iv, 204. 
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It has been claimed by Fricke® that both horse and human urine con- 
tain the substance ‘‘Urogon’’ described by Mooser® as existing in cow 
urine. We’ have shown, however, that the substance ‘“‘Urogon’’ is not 
homogeneous but a mixture consisting of p-cresol and a non-phenolic oil 
having the composition C,)H,.O, our results confirming the opinion ex- 
pressed by Neuberg and Czapski.* 

Dehn and Hartman® have recently reported the discovery in human 
urine of a substance which they call ‘‘Urinod.’”’ This substance is sup- 
posed to be the cause of the characteristic odor of urine and it is described 
as possessing other remarkable properties. It reacted with concentrated 
nitric acid with explosive violence and when treated with fixed alkalis 
a terpene-like odor was produced. The substance combined with bromine 
with liberation of hydrobromic acid. It gave no definite compounds with 
semicarbazide or hydroxylamine hydrochlorides but a crystalline dinitro 
derivative was obtained. 


In the present investigation we have confined ourselves entirely 
to the non-phenolic or alkali-insoluble portion of the oils obtained 
on distilling acidified horse urine and human urine. In the prepa- 
ration of the so called neutral or alkali-insoluble oils from the 
distillates of urine it is necessary to bear in mind that the dis- 
tillates contain large quantities of phenols principally p-cresol 


and a very small percentage of really neutral or alkali-insoluble 
oils. We have previously referred to the difficulty of completely 
removing phenols from an ethereal solution by shaking the lat- 
ter with aqueous alkali? and Neuberg and Czapski® have shown 
that both phenol and cresol may be extracted by petroleum ether 
from a strongly alkaline solution. Various authors like Mooser® 
Fricke,® and Dehn and Hartman? apparently have not taken the 
importance of this matter into account and have failed to assure 
themselves that phenols and cresols had been completely removed 
from the so called neutral oils which they finally obtained and 
analyzed. 

We cannot believe that the oil described under the name of 
“Urinod” by Dehn and Hartman® is any more of a chemically 
homogeneous substance than the “‘Urogon”’ of Mooser and Fricke. 


5 Fricke, E., Arch. ges. Physiol., 1914, elvi, 225. 

5’ Mooser, W., Z. physiol. Chem., 1909, Ixiii, 155. 

7 Anderson, R. J., J. Biol. Chem., 1916, xxvi, 387, 401. 

8’ Neuberg, C., and Czapski, L., Biochem. Z., 1914, Ixvii, 28. 

9 Dehn, W. M., and Hartman, F. A., J. Am. Chem. Soc., 1914, xxxvi, 
2136. 
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The properties ascribed to ‘“‘Urinod” are practically identical 
with those which we have observed in the case of all so called 
neutral oils obtained from cow and goat urines. The peculiar 
chemical reactivity of these oils, viz., the violent reaction with 
concentrated nitric acid and the absorption of bromine with 
liberation of hydrobromic acid, is due to the cresol contained 
in such oils and we feel quite certain that the substance called 
“Urinod”’ must also have been largely contaminated with phenol 
or cresol since it would have been practically impossible, in ac- 
cordance with our experience, completely to remove all of the 
phenols by the method employed by Dehn and Hartman. 

The peculiar and disgusting odors possessed by all of the crude 
neutral oils obtained from urine distillates are apparently caused 
by very minute quantities of powerfully odorous substances. 
These odors, moreover, differ according to the kind of urine from 
which the oils are isolated. The oil from goat urine, for instance, 
has a powerful and disgusting odor of goats, that from cow urine 
smells like the odor peculiar to cow stables, and the oil from 
human urine has a strong and persistent odor which is very 
similar to that of human urine. These odors are destroyed by 
nitric acid, as stated by Dehn and Hartman, and they are also 
immediately destroyed by concentrated alkali when brought 
into direct contact with the crude oils. We have noticed also 
that these odors are lost on repeated fractionation of the oils in 
high vacuum. For this reason we believe that these highly 
odorous substances are very volatile bodies which are merely 
dissolved in the crude oils. The crude oils like ‘‘Urogon”’ and 
‘‘Urinod”’ contain therefore not less than three substances; v7z., 
(1) principally cresol; (2) a small percentage of alkali-insoluble 
neutral oils which vary according to the terpene-like bodies 
contained in the food; and (3) the disgusting odorous bodies. 

The first two can be separated by means of sufficiently con- 
centrated alkali which dissolves out the cresol] leaving the alkali- 
insoluble oil but the odorous substances become destroyed 
by this treatment, because the residual insoluble oil possesses 
an agreeable terpene-like odor and the cresol isolated after acidi- 
fying the alkaline solution has a pure phenolic odor without any 
trace of the disgusting odor of the original substance. 

It would be interesting to study further these odorous sub- 
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stances. Such studies, however, are very difficult because these 
substances are apparently present in exceedingly minute quan- 
tities. Although we have tried to obtain some knowledge con- 
cerning their nature we have been unable to secure any other 
evidence of their existence than the smell. 










EXPERIMENTAL. 


The Non-Phenolic Volatile Oil from Horse Urine. 





About 67 liters of mixed horse urine were collected during the 
winter. The fresh urine was evaporated to about one-eighth of 
its volume, strongly acidified with sulfuric acid, and distilled 
with steam until no more oil went over. The distillates were 
extracted with ether and the ethereal solution was repeatedly 
shaken with 20 per cent sodium hydroxide and then with dilute 
sulfuric acid, finally washed with water, and dried with sodium 
sulfate. After evaporating the ether the oily residue was dis- 
tilled in vacuum. There were obtained 2 gm. of a light yellow 
oil which in odor resembled the product previously isolated from 
cow urine, but it differed in composition by containing nearly 
3 per cent more hydrogen. 














0.1353 gm. of substance gave 0.1251 gm. H.O and 0.3831 gm. COs. 
Found: C = 77.22; H = 10.35 per cent. 







The substance reacted slightly with concentrated nitric acid 
which indicated traces of cresol. 

The oil was, therefore, thoroughly shaken with 20 per cent 
sodium hydroxide until a milky emulsion was formed. This 
was extracted with ether and after drying and evaporating the 
ether the residue was again distilled in vacuum. At about 1 mm. 
pressure it went over at 100°. It was a light yellow colored oil 
of pleasant aromatic or terpene-like odor which weighed 0.7 
gm. It was free from nitrogen and sulfur. 

The alkaline solution, after extracting the above alkali-insoluble 
oil, was acidified with sulfuric acid, the oily substance was ex- 
tracted with ether, and finally distilled in vacuum. The distillate 
went over at 76° and 2 mm. pressure. It was a practically color- 
less oil of distinct phenolic odor which when suspended in water 
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gave a fine blue coloration with ferric chloride and it reacted 
with great violence with concentrated nitric acid. There ap- 
pears to be no doubt, therefore, that this substance was cresol. 

This shows again how difficult it is to extract all of the phenols 
from an ethereal solution by aqueous alkali. Traces of cresol 
remained in this oil in spite of the fact that the ethereal solution 
had repeatedly been shaken thoroughly with 20 per cent sodium 
hydroxide. 










Properties of the Above Alkali-Insoluble or Neutral Oil. 







The aqueous suspension of the oil gives no color reaction with 
ferric chloride. It does not solidify in a freezing mixture of ice 
and salt. When mixed with cold concentrated nitric acid the 
oily globules assume a red color and on warming, the oil dissolves, 
giving a yellow solution which on dilution with water turns 
cloudy. With cold concentrated hydrochloric acid no change 
takes place but on heating the oil turns red in color. In cold i 
concentrated sulfuric acid the oil dissolves giving a dark red ' 
solution. In chloroform solution bromine is absorbed with i 
liberation of hydrobromic acid. Potassium permanganate solu- ; 
tion is immediately decolorized. Ammoniacal silver nitrate is 
reduced on heating. It is soluble in all proportions in the ordi- 
nary organic solvents but insoluble in alkali or water. On analysis a 
the following result was obtained. 













0.1247 gm. of substance gave 0.1224 gm. H2O and 0.3423 gm. CO». 
Found: C = 74.86; H = 10.98 per cent. . 
The percentage composition agrees with the formula C;H,20. : 
Calculated for this: C = 75.00; H = 10.71 per cent. 







The Non-Phenolic Oil from Human Urine. 







The fresh urine which was acid in reaction was made slightly 
alkaline by adding sodium carbonate and then evaporated to 
about one-eighth of its volume. The residue was acidified with 
sulfuric acid, distilled with steam, the distillate extracted with 
ether, and the ethereal solution shaken repeatedly with 20 per | 
cent sodium hydroxide and then with dilute sulfurie acid. In if 
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all 111 liters of urine were evaporated and distilled. A small 
amount of yellow colored oil remained on evaporating the ether. 
The oil possessed a strong and persistent odor of human urine 
and it reacted slightly with concentrated nitric acid. In order 
to remove phenols completely the oil was shaken for some time 
with 20 per cent sodium hydroxide and distilled from the alkaline 
solution with steam. The distillate was extracted with ether, 
the latter dried with sodium sulfate, filtered and evaporated, 
and the residue distilled in vacuum when about 0.15 gm. of a 
light yellow oil was obtained. It did not contain nitrogen. 

This oil had an agreeable terpene-like odor, the odor of urine 
of the original crude oil having been lost in the treatment with 
sodium hydroxide. In other respects it gave exactly the same 
reactions as described for the oil isolated from horse urine and 
it had practically the same composition. 


0.1005 gm. of substance gave 0.0909 gm. H2O and 0.2777 gm. COs. 
Found: C = 75.36; H = 10.12 per cent. 


This substance differs in composition from the ‘“Urinod’’ of 
Dehn and Hartman® by containing about 2 per cent more hydro- 
gen. It also differs from the above product by giving no reaction 
with concentrated nitric acid. The violent reaction produced 
when ‘“Urinod” was treated with concentrated nitric acid was 
undoubtedly due to the presence of phenols. 

Unfortunately the quantity of neutral oil obtained from horse 
urine and from human urine was too small to permit of a more 
extensive investigation. Of all the urines examined that from 
human beings contained the smallest percentage of neutral oil. 
Stiideler! also reported that the amount of oil obtained from hu- 
man urine was very slight. 


As a result of our investigation of the neutral alkali-insoluble 
oils obtainable from the urine of different animals we have found 
only two different kinds of oil as far as composition is concerned, 
as is shown in the résume below. 
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Composition: 
Cc 
| a 78.25 
78.90 
78 .30 
79.15 


Goat urine 78.24 
78.68 


Cow urine 74.77 
Horse urine.......... 74.86 
Human urine 75.36 


H 
10.84 
11.12 
10.46 
10.49 


11.17 
11.31 


10.61 
10.98 
10.12 


Corresponding to the formula: 


CoH 19 
Calculated: C = 78.94; H = 10.52 


Corresponding to the formula: 
C;H,»,O 
Calculated: C = 75.00; H = 10.71. 


In conclusion we venture to express the opinion that the kind 
of neutral alkali-insoluble oils-excreted in the urine of different 
animals will be found to a large extent to depend upon the nature 
of the terpene-like bodies contained in the food and for this 
reason the nature of the oil will vary in accordance with the 
season and the available food supply. 











THE LIPOIDS (“FAT”) OF THE BLOOD IN DIABETES. 


By W. R. BLOOR. 


WITH THE COOPERATION OF E. P. JoSLIN AND A. 
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(From the Laboratories of Biological Chemistry of the Harvard Medical School, 
Boston. ) 






(Received for publication, July 21, 1916.) 







Diabetes has been almost universally regarded as primarily 
a disturbance of the carbohydrate metabolism. The abnormali- 
ties in fat metabolism which accompany it and sometimes pre- 
cede the characteristic symptom—the glycosuria—are accepted ) 
by most as being secondary to the disorder of the carbohydrate 4 
metabolism. Thus the acidosis produced by the unburned residues i 
of the fatty acids is explained as the result of the lack of available 
carbohydrates—‘‘the fats can burn only in the fire of the car- 
bohydrates.” The obesity which precedes the glycosuria in a 
considerable proportion of the cases (15 to 45 per cent),! is ex- 
plained as the result of fat formation from carbohydrate which 
the organism can no longer burn. There are, however, some 
dissenters who claim a “lipogenetic” origin of diabetes,’ basing 
their claim on the frequent occurrence of obesity preceding 
diabetes and the occasional clinical observation that the rapid 
laying on of fat_is accompanied by glycosuria which disappears 
when the fattening process is stopped. But whatever opinion 
may be held regarding the origin of diabetes all are agreed that 
in severe diabetes the ability of the organism to utilize fat may 
be markedly affected. The earliest observation definitely con- 
necting a disordered fat metabolism with diabetes was that of 
lipemia—amilkiness of the blood and particularly the serum, made ia 
at the time when bleeding was a common practice. Severe a 
diabetes was practically the only disease in which lipemia was 

common enough to be regarded as of diagnostic significance. a 
The milky appearance of the serum and the “cream” which a 





























1 Von Noorden, C., Die Zuckerkrankheit und ihre Behandlung, Berlin, 
5th edition, 1910. 
2 Kisch, E. H., Miinch. med. Woch., 1911, viii, 677 
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arose from it on standing indicated that the substance producing 
the cloudiness was ‘‘fat,’’ which was confirmed by extraction and 
examination. When the practice of bleeding fell into disuse 
nothing more was learned regarding the nature of this ‘“fat”’ 
until nearly a hundred years later when Fischer*’ found that the 
quantity of cholesterol in diabetic blood was abnormally high 
and a few years later Klemperer and Umber confirmed this 
finding and made the same observation with regard to “‘lecithin.’”! 
In the considerable number of examinations made of the blood 
lipoids in diabetes during recent years there has been little uni- 
formity in results.’ In some cases diabetic coma was found to 
be accompanied by a marked lipemia in which the increase in 
fat_ was accompanied by increases in “‘lecithin’’ and cholesterol; 
in others the lipemia was found to be due to fat alone. Again, 
coma and death have been reported without any marked change 
in the blood lipoids. The lack of concordance in results may be 
explained in part by the different and often inadequate methods 
of analysis employed. Also the nutritive condition of the patient 
was rarely taken into account, so that the lipemia may have been 
merely alimentary. Another fact which doubtless influenced 
the results was postmortem changes in the blood. The samples 
were taken in many cases after death, from the body cavities 
where the blood had stood for an indefinite time so that not only 
had degenerative changes taken place but also there was sepa- 
ration of the lipoids, and an accurate sample was not obtained. 
Even when the blood had been drawn from the living body it 
was allowed to stand for some time after removal (in one series 
of samples, 24 hours at body temperature). 

Various explanations have been offered for the lipemia in dia- 
betes. The occurrence of increased amounts of “lecithin”? and 
cholesterol (cytolipoids) led to the belief that the increase was 
due to degeneration of tissue cells, setting free their lipoids, but 
analyses of various tissues® have shown that the lipoid content 
of the tissues in diabetes is not abnormal. Increased mobili- 
‘ gation of stored fat as the result of the partial starvation has also 
been offered as an explanation but here again the evidence does 


* Fischer, B., Arch. path. Anat., 1903, elxxii, 30. 

4 Klemperer, G., and Umber, H., Z. klin. Med., 1907, |xi, 145. 
5 Bloor, W. R., J. Biol. Chem., 1916, xxv, 577. 

§ Klemperer and Umber, Z. klin. Med., 1908, lxv, 340. 
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not bear out the assumption. In the first place the stored fat 
contains only traces of “lecithin”? and cholesterol, and in the 
second place diabetics are generally thin and have very little 
stored fat; also even complete starvation does not necessarily 
mean increased blood fat.’ A third explanation was that the 
increase was due merely to accumulation of food fat which the 
organism was no longer able to burn, and in the light of the 
knowledge that in diabetes the fat-burning mechanism is probably 
deranged, and of the recent discovery that “lecithin” and probably 
cholesterol (as ester) are steps in normal fat metabolism,’ this 
seems'to be the most reasonable explanation. 

In view of the lack of definite information regarding the lipoids 
of the blood in as familiar a disease as diabetes a study of this 
phase of the subject seemed very desirable both from the point 
of view of a better understanding of the disease and a consequently 
more rational treatment, and also for obtaining an insight into fat 
metabolism in a condition which appears to be a natural experi- 
ment in this little known field. ° 

For the investigation we were particularly fortunate in having 
available for study a group of patients in various stages of the 
disease all living in one house, under the care of a single physician 
and in charge of a single nurse who has had much experience 
in taking care of this class of patient. When it is added that we 
enjoyed throughout the intelligent cooperation of the patients 
themselves, it may be seen that the work was done with a control 
of conditions, dietary and otherwise, not often attained in investi- 
gations of this kind.® 

The treatment given these patients has been reported recently® 
and therefore need not be given here. It consisted essentially 
of fasting till sugar-free and then building up a tolerance for 
carbohydrate and protein. A notable feature in the treatment 
was that considerable attention was given to the fat of the diet. 
In severe, longstanding, and complicated cases the fast was not 
begun at once but only after the patients were given a prelimi- 
nary treatment which consisted in first removing the fat from the 


7 Bloor, J. Biol. Chem., 1914, xix, 1. 
8 The respiratory metabolism of nearly all these patients was being 

studied at the time the blood samples were taken and a full report of the 

results will appear in a publication of the Carnegie Institution. 

® Joslin, E. P., Am. J. Med. Sc., 1915, cl, 485.. 
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diet without otherwise changing conditions, then after 2 days 
omitting protein and halving the carbohydrate daily down to 
10 gm. Fasting was then begun and carried out as usual. Fat 
was not added again to the diet until a considerable protein 
tolerance had been established. For reasons which will appear 
in the discussion, this modification of the fasting treatment is 
believed to be an important innovation. 

The methods of analysis used were the same as those used in 
the earlier work on blood ‘‘fat” and need not be given in detail 
at this time. 

In determining “‘lecithin’”’ the strychnine molybdate precipi- 
tation was used with Kober’s strychnine molybdate reagent.! 
This precipitation has been found satisfactory. 15 cc. of the 
alcohol-ether blood extract were used for the determination in 
all but the severe diabetics where 10 ce. were sufficient. For 
the determination of cholesterol, 5 ec. of the extract were generally 
sufficient, although in the mild diabetics 10 cc. were required, 
in the severe ones 3 cc., and occasionally 1 cc. (lipemia) was the 
suitable amount. For ‘“‘total fat’ 10 cc. of the blood extract 
were generally used, although in some of the severe cases where 
the lipoids were high 5 cc. were used, andin the severe lipemia 1 cc. 
was used. The attempt was made throughout to use quantities 
of material in value not far from the standard so as to avoid 
making corrections. The blood samples were all taken before 
breakfast and were brought at ence by special messenger to the 
laboratory where they were worked up promptly—in the great 
majority of cases within a half hour after drawing from the vein— 
thus avoiding postmortem changes. 

The data regarding the patients which have a bearing on the 
reported results are as follows: 


Men. 


68 L-560.—Age 72 years, weight 154 pounds. Mild diabetic of 8 years’ 
standing. Not fasted but diet cut down; at present getting 314 calories 
as carbohydrate 10 gm., protein 19 gm., fat 22 gm. Urine, sugar- and acid- 
free. Blood sugar 0.13 per cent. 

71 S—998.—Age 72 years, weight 131 pounds. Mild. Diet, carbohydrate 
15 gm., protein 20 gm., fat 0. Urine, sugar- and acid-free; blood sugar 


0.21 per cent. 
106 M-1026.—Age 22 years, weight 222 pounds. Duration 6 weeks. 





10 Kober, P. A., and Egerer, G., J. Am. Chem. Soc., 1915, xxxvii, 2373. 
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Mild diabetes. Veryfat. Urine, sugar 0, diacetic acid reaction+. Blood 
sugar 0.20 per cent. Diet, carbohydrate 10 gm., protein 5 gm., fat 0; 60 
calories. 

107 Gr-1028.—Age 30 years, weight 123 pounds. Duration 1 year, 
mild. Urine, sugar- and acid-free. Blood sugar 0.25 per cent. Diet, 
carbohydrate 10 gm., protein 25 gm., fat 0, aleohol 15 gm.; 245 calories. 

102 St-914.—Mild. Urine, sugar- and acid-free. Not under treatment 
or on a diet. Blood plasma somewhat cloudy (lipemia?). 

80 P-1008.—Age 55 years, weight 113 pounds. Duration 14 years. 
Urine, sugar 5.4 per cent (102 gm.); diacetic acid 0. Blood sugar 0.35 
percent. Diet, carbohydrate 75 gm., protein 13 gm., fat 2 gm. ; 370 calories. 

74 Pa—632.—Age 33 years, weight 131 pounds. Duration 4 years. 
Onset acute on changing from active to sedentary life. 

Sample I.—Urine, sugar- and acid-free. Blood sugar 0.24 per cent. 
Diet, carbohydrate 27 gm., protein 71 gm., fat 117 gm., alcohol 9 gm.; 
1,508 calories. 

Sample II. (98 Pa).—Urine, sugar- and acid-free. Blood sugar 0.17 


per cent. Diet, carbohydrate 10 gm., protein 29 gm., fat 15 gm., alcohol 


18 gm.; 417 calories. 


Sample III. (105 Pa).—Urine, sugar- and acid-free; blood sugar 0.19 


percent. Fasting. 
43T-966.—Age 39 years, weight 114 pounds. Duration 6 months. 
Sample I.—Taken before the fasting period. Preliminary treatment, 


gradual reduction of carbohydrate. Diet, carbohydrate 13 gm., protein’ 


3 gm., fat 0; 64 calories. Urine, sugar 1.2 per cent (27 gm.). Diacetic 
acid 4 +. 

Sample II. (447').—2nd day of fast. Urine, sugar 2 per cent. Di- 
acetic acid reaction 3 +. : 

Sample III. (65T).—4 days after leaving hospital. Urine, sugar- and 
acid-free. 

62 Tr-974.—Age 13 years, weight 70 pounds. Duration 6 weeks. Ist 
day of fasting. Sugar had appeared in the urine the day before but for 
5 days previously had been sugar- and acid-free. On this day the urine 
was sugar- and acid-free. Blood sugar 0.19 per cent. 

69D-821.—Age 25 years, weight 112 pounds. Duration 2 years. Urine, 
sugar 51 gm. Daiacetic acid reaction 3+. Diet, carbohydrate 20 gm., pro- 
tein 5 gm., fat 0; 100 calories. Blood sugar day before 0.34 per cent. 


638G—982.—Age 22 years, weight 141 pounds. Duration 2 years. Urine, - 


sugar- and acid-free. Diet, carbohydrate 69 gm., protein 90 gm., fat 143 
gm.; 1,923 calories. 

110C-1029.—Age 37 years, weight 112 pounds. Duration 4 years. 
Urine, sugar- and acid-free. Blood sugar 0.26 per cent. Diet, carbohydrate 
40 gm., protein 90 gm., fat 67 gm.; 1,123 calories. 

51K-969.—Age 48 years, weight 115 pounds. Duration 6 years. Urine, 
sugar- and acid-free. Blood sugar 0.21 per cent. Diet, carbohydrate 
22 gm., protein 56 gm., fat 96 gm.; 1,176 calories. During the preceding 
2 weeks the carbohydrate tolerance had been built up from 0. 
45Mc-951.—Age 33 years, weight 112 pounds. Duration4 years. Urine, 
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sugar- and acid-free. Diet, carbohydrate 0, protein 55 gm., fat 62 gm., 
alcohol 9 gm.; 841 calories. On this diet for 2 weeks. 

48 Ca-810.—Age 28 years, weight 92 pounds. Duration 14 months. 
Urine, sugar- and acid-free. Fasting between days of 666 and 728 calories. 

42 Cl-786.—Age 40 years, weight 116 pounds. Duration 2} years. 
Urine, sugar- and acid-free for the first time this day. Diet, carbohydrate 
0, protein 28 gm., fat 16 gm.; 256 calories. On leaving the hospital this 
patient broke diet, eating, among other things, much cream, and returned 
to the hospital in a dangerous condition. His blood plasma, which under 
treatment had remained clear, was now like thick cream in appearance. 
The analysis of this blood is reported with the lipemias (124 Cl). At the 
time this last sample was taken he had fasted 14 hours and had had no fat 
for 36 hours. 


Women. 


47 D-970.—Age 59 years, weight 197 pounds. Duration 1} months 
Urine, sugar- and acid-free. Blood sugar 0.16 per cent. Fasted 1 day a 
week ago, since then building up carbohydrate tolerance. Diet, carbohy- 
drate 25 gm., protein 60 gm., fat 27 gm; 583 calories. 

78 A-1004.—Age 45 years. Duration5months. Sample taken at begin- 
ning of coma. Died 2nd day after, in coma. Urine, sugar- and acid- 
positive. Blood sugar 0.41 per cent. 

81 T-1007.—Age 56 years, weight 110 pounds. Duration 16 years. 

lood sugar 0.13 per cent. Urine had been sugar- and acid-free for 3 days. 
Diet, carbohydrate 40 gm., protein 44 gm., fat 28 gm.; 588 calories. 

64 N-979.—Age 50 years, weight 126 pounds. Duration 17 years. 
Urine, sugar- and acid-free. This sample was taken after treatment 
to remove sugar from the urine. Diet, carbohydrate 25 gm., protein 
28 gm., fat 11 gm.; 311 calories. 

108 M-1025.—Age 21 years, weight 118 pounds. Duration 1 year. 
Urine, sugar + and diacetic acid reaction 3 +. Blood sugar 0.28 per cent. 
Fasting 2nd day. 

49 C-610.—Age 55 years. Duration 4} years. Urine, sugar- and acid- 
free. Blood sugar 0.26 per cent. Hard to keep urine sugar-free. Diet, 
carbohydrate 1 gm., protein 76 gm., fat 126 gm.; 1,442 calories. 

46 J-436.—Age 28 years. Duration 7 years. Pregnant (6 months). 
Urine, sugar- and acid-free. Blood sugar 0.20 per cent. Previously 
classed as a severe diabetic but the symptoms were relieved by the 
pregnancy. 

85 O-1005.—Age 35, weight 74 pounds. Duration 6} years. Urine, 
sugar 6 gm. Diacetic acid reaction 3+. Blood sugar 0.33 per cent. 
7th day in hospital during which time the carbohydrate was being cut down. 
Next day the urine was sugar-free. Diet, carbohydrate 13 gm., protein 4 
gm., fat 0; 68 calories. 

Sample II. (97 O).—2 weeks later. Urine, sugar- and acid-free. Some 
edema. The carbohydrate had been cut down to 0, then raised to the pres 
ent 14 gm. 
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79 G-996.—Age 63 years, weight 98 pounds. Duration 1 year, 2 months. 
Urine, acid-free but contains some sugar. Blood sugar 0.40 per cent. 
Diet, carbohydrate 10 gm., protein 47 gm., fat 33 gm. ; 525 calories. 

52 Jh-765.—Age 22 years, weight 88 pounds. Duration 1 year, 9 months. 

61 Jh-765.—Age 22 years, weight 88 pounds. Duration 1 year, 9 months. 

70 Jh-765.—Age 22 years, weight 88 pounds. Duration 1 year, 9 months. 

Sample I.—Just entering hospital. Urine, sugar .67 gm. Diacetic 
acid reaction 3 +. 

‘Sample II. (61 Jh).—Urine contained 23 gm. sugar and gave a 2 + 
diacetic acid reaction. Diet, carbohydrate 0, protein 40 gm., fat 25 gm.; 
385 calories. Blood sugar 0.20 per cent. 

Sample III. (70 Jh).—Urine, sugar- and acid-free. Fasting. Blood 
sugar 0.26 per cent. 

60 B-983.—Age 55 years, weight 197 pounds. Duration6weeks. Shortly 
after entering hospital. Diet being gradually reduced. Present diet, 
carbohydrate 55 gm., protein 26 gm., fat 10 gm.; 414 calories. Urine, sugar 
4 per cent; diacetic acid reaction 2 +. Blood sugar 0.33 per cent. 

96 H-1011.—Age 27 years, weight 84 pounds. Duration 2 years. Urine, 
sugar 2.9 gm. Diacetic acid reaction 2+. Blood sugar 0.23 per cent. 
Diet, carbohydrate 5 gm., protein 8 gm., fat 0; 52 calories. 


Lipemias. 


123 Co.—Just entering hospital. Age 30 years, weight 121 pounds. 
Duration 1 year. Urine, sugar 4.1 per cent (118 gm.). Diacetic acid 
reaction 2+. Blood sugar 0.25 per cent. 

124 Cl-786.—This is the same patient as 42 Cl, and the details regarding 
him are given under that heading. 


The results of the analyses are given in the following table. 


In the table, the value ‘‘total fatty acids’ is obtained by subtracting the 
value for cholesterol from that of ‘‘total fat’’ as determined. The value 
“fat” represents what is believed to be ordinary fats and includes all the 
fatty acids except those combined as ‘“‘lecithin’’ or as cholesterol esters. 
The value ‘‘total lipoids’’ (total ether-soluble in earlier papers) is obtained 
by adding together the values for lecithin, cholesterol and its esters, and fat. 
The values given for the corpuscles are calculated from corresponding 
values of whole blood and plasma, taking into account the percentage of 
corpuscles. In these calculations it is assumed that (1) the “‘lecithin’”’ 
is oleo-stearyl lecithin, (2) the cholesterol in the corpuscles is free, and 
(3) two-thirds of the cholesterol of the plasma is there in combination 
with the fatty acids (as cholesterol esters). 

The cases are arranged in the table approximately in the order of their 
clinical severity, the mild ones at the beginning and the severe ones at the 
end. Because of differences in the normal lipoid values for men and women 
separate groups are made and with each group is given the normal values,— 
average, high, and low as previously determined.® 
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Blood Lipoids in Diabetes 


DISCUSSION. 


General.—In the severe diabetics the blood lipoids were all 
markedly increased—up to 100 per cent or more of the normal 
values. In the mild cases there may be no increase and in some 
even_a decrease. On the other hand a clinically mild case may 
show considerable abnormality, due probably to diet, as in 102 St. 
This person was not under treatment and the only restriction 
on his diet was that he should keep his urine free from sugar. 
Between the mild and the severe cases were all degrees of gra- 
dation in the blood lipoids, but in general the more severe or long 
standing the diabetic condition the more marked was the ab- 
normality in the blood lipoids. 

No lipemia (cloudiness or milkiness of the plasma) was observed 
in the thirty-six patients under treatment although many of 
them were clinically severe. Lipemia was found present_in two 
persons not under treatment, one of these was just entering the 
hospital for treatment, the other a patient who after discharge 
had broken diet and returned in a dangerous condition. 

Next in importance perhaps to the absolute increase of the 
blood lipoids was the fact that the relations between the lipoids 
were practically the same as in normal individuals. A certain 
tendency may, however, be noted which is significant in view of 
the conditions in lipemia. That is the tendency of the “total 
fatty acids” to increase out of proportion to the other constitu- 
ey . total fatty acids 
ents as shown by the values for the relation + 

lecithin 
in the plasma, which are almost always at the upper limit of normal 
variation and frequently above it (especially in men) and also 
the tendency for the value ‘‘fat’”’ in the plasma to be abnormally 
high (again most noticeable in’ men)—both of which indicate a 
tendency for fat. to accumulate in the blood. 

In diabetic lipemia the greatest increase was in the fat, and the 
milkiness of the plasma is due mainly if not entirely to finely 
suspended fat, as indeed has always been believed. What has 
not been previously appreciated is that the cholesterol, increases 
almost parallel to the fat; in the severest lipemia noted above 
(124 Cl) it reached over 1.5 gm. per 100 ce. of plasma. On the 
other hand values for ‘lecithin’ were not greatly increased in 
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lipemiaas shown by the lecithin values in this patient as compared 
with those without lipemia (42 Cl). 

The increases of the blood lipoids in severe diabetes without 
lipemia and as far as can be determined in diabetic lipemia (the 
calculated values here are less reliable because of the large 
amounts involved) occur only in the plasma, the composition of 
the corpuscles remaining practically constant. The same has 
been found true for other pathological conditions.’ These results 
are in marked contrast to those found in alimentary lipemia." 
Here the ‘‘total fatty acids’? were increased in both plasma and 
corpuscles, the increase being rather more marked in the corpus- 
cles. ‘Lecithin’ was increased parallel with the “total fatty 
acids” but in the corpuscles alone. Cholesterol was not found 
to change notably. The parallelism between “total fatty acids’ 
and “lecithin” in alimentary lipemia was taken as evidence that 
“lecithin” is a step in fat metabolism and that its formation 
takes place in the corpuscles. The constancy of the cholesterol 
values was believed to indicate that it had no part in the earlier 
stages of the process. The condition of the lipoids in severe 
diabetes may therefore probably be regarded as a later stage in 
fat metabolism than the above. In this stage the corpuscles 
appear to have no part since their composition remains constant 
and normal. “Lecithin” continues to be an important factor 
since it changes parallel with the total fatty acids in all cases but 
the lipemia. The most marked feature of these later stages is, 
however, the cholesterol which increases parallel with the total 
fatty acids even in lipemia. These results give strong support to 
the assumption made in a previous paper® that cholesterol takes 
a part and probably an important part in fat metabolism. Be- 
cause of the constancy of the relation of cholesterol to the other 
lipoids in the plasma; the determination of cholesterol should 
give valuable information regarding the lipoid content of the blood 
in diabetes. 

The blood corpuscle percentage of the whole blood is normal 
in all but the severest lipemia. 

No definite relation could be discovered in the present work 
between high blood lipoids and the presence of acetone bodies 


11 Bloor, J. Biol. Chem., 1916, xxiv, 447. 
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in the urine. Thus 63 G with very high blood lipoids had no 
diacetic acid in the urine, while 43 T with blood lipoids not ab- 
normally high had a strong diacetic acid reaction (4 +) in his 
urine. Even coma and death may take place (78 A) without 
marked change in the blood lipoids. 

Three members of this series were fat (106 M, weight 222 
pounds; 47 D, weight 197 pounds; and 60 B, weight 197 pounds). 
In all the onset had been recent, less than 2 months. The first 
two were mild, the third severe. 

One member of the series (46 J), previously a severe diabetic, 
was pregnant at this time and as is frequently the case her symp- 
toms were mild and her blood lipoids were normal. 

Lipemia.—The presence of lipemia in severe diabetes is 
reported so often in the literature that it might almost be re- 
garded as a symptom of the severe type of the disease. It is 
therefore remarkable that in the series of thirty-six cases re- 
ported above none of the patients under treatment showed any 
lipemia, although many of them were severe. Since the treat- 
ment consists of partial or complete fasting, the theory that the 
excessive blood lipoids in lipemia originate from the mobilization 
of stored fat as the result of the stimulus of inanition or that 
they come from the breakdown of tissue cells, appears quite 
improbable since under the above conditions of treatment fat 
mobilization or tissue breakdown would be most marked. On 
the other hand, the two cases in which there was lipemia were not 
under treatment at the time and were on an unrestricted diet. 
The one with the severest lipemia was a former patient who, 
while in the hospital, had been free from lipemia although his 
blood lipoids were high (42Cl). On leaving the hospital. he 
had broken diet, eating among other things large quantities of fat 
(cream). The other had been on an unrestricted diet and at this 
time was just entering the hospital for treatment. In both the 
lipemia disappeared when they were put on a fat-free diet. The 
origin of the lipemia, in these cases at least, appears to be the 
fat of the diet, and a consideration of the attendant conditions 
indicates that a similar explanation would account for many 
of the reported instances of lipemia in the past. The dietary 
treatment of diabetes up to very recently has been to withhold 
carbohydrate and make up the caloric deficiency with protein 
and fat. The resulting overwork of the fat-burning mechanism 
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would be expected to cause, in some cases at least, a partial failure 
of the mechanism with an accumulation of fat and its metab- 
folites in the blood. A contributing factor is the lack of avail- 
able carbohydrate without which complete burning of the fatty 
acids does not seem to be possible. The high lipoid values where 
‘there is no lipemia may probably be regarded as an earlier mani- 
festation of the same partial failure of the fat metabolism. The 
mechanism is still working in an approximately normal manner, 
since the relations between the lipoids are normal, but the accu- 
mulation of the metabolites has begun. In the actual lipemia 
the mechanism has fallen behind with its work and the raw 
materials have accumulated until they can no longer be carried 
in solution in the plasma. That even at this time all parts of 
the mechanism have not failed is evident from the increase of 
cholesterol, which keeps pace with the fat. That part of the 
process, however, which has to do with the formation of lecithin 
from fat has apparently failed and it is possible that this failure 
may be the underlying cause of the lipemia. Under former 
conditions of treatment the chances of recovery of a diabetic with 
lipemia were generally regarded as poor, as might be expected 
if the above explanation of the cause of lipemia were true, since 
the continued diet of fat involved the overloading of an already 
failing mechanism. In the two cases reported in this paper the 
lipemia cleared up on a fat-free diet, so that even a severe lipemia 
apparently need not be serious if the fat of the diet be controlled. 
The importance of the modification of the treatment to include 
control of the fat of the diet is obvious. Occasionally lipemia 
has been reported in diabetes where the blood lipoids were not 
sufficiently above normal to warrant it. As throwing light on 
this peculiarity the observation was made several times in the 
course of this work that a clear diabetic plasma would become 
milky on standing at room temperature for 24 hours. Bacterial 
action cannot be excluded but since no such change was found to 
occur in normal plasma or in the plasma in other pathological 
conditions, the appearance of the milkiness is believed to be due 
to an inherent peculiarity of diabetic blood—probably some 
unstable combination which is broken up on standing. Since 
many of the examinations on diabetic blood reported in the liter- 
ature were made on samples which had stood 24 hours or longer, 
the development of the lipemia post mortem was not unlikely. 
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SUMMARY. 


In severe diabetes the blood lipoids were all markedly increased, 
up to 100 per cent or more of the normal values. In mild diabetes 
the lipoids may be normal. In general the more severe or long 
standing the diabetic condition the more marked was the ab- 
normality in the blood lipoids. 

In spite of the high values the relations between the lipoids 
were practically those of normal individuals, indicating that the 
fat metabolism was essentially normal. There was a tendency, 
however, for the fat to accumulate in excess of the, other con- 
stituents and this fact and possibly also the high lipoid values 
foreshadow the lipemia. 

The high lipoid values noted occurred entirely in the plasma, 
the composition of the corpuscles remaining practically normal. 

The fact that cholesterol increased parallel with the fat in 
diabetic blood, even in severe lipemia gives further support to 
the earlier assumption that cholesterol has a part and probably 
an important part in fat metabolism. For the same reason the 
determination of cholesterol in the plasma (a relatively simple 
process) should give valuable information regarding the lipoid 
content of the blood in diabetes. 

In the present series no definite relation could be found between 
high blood lipoids and the occtrrence of acetone bodies in the 
urine. 

Lipemia. Lipemia was observed in but two of the thirty- 
six cases in this series and these were not under treatment but 
were on an unrestricted diet. No lipemia was found in any of 
the cases under treatment. Evidence is presented to indicate 
that diabetic lipemia originates mainly in the fat of the food and 
that the probable reason for its appearance in the blood is a 
partial failure of the mechanism for dealing with fat. Cholesterol 
increases parallel with the fat up to eight times its normal value 
while lecithin is relatively little increased. Since lecithin for- 
mation has been found to be an early stage in the metabolism of 
fat it 1s possible that the inability to form lecithin may be a factor 
in the production of the lipemia. 
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PLATE 2. 


Recent investigations by one of us! demonstrated a dynamic 
isomerism in the hydroxy pyridines which has a most profound 
influence upon the antineuritic properties of these substances. 
This rather remarkable fact suggested that a similar isomerism 
may exist in the natural ‘“vitamines” and be responsible for the 
instability which has so far prevented their isolation. With 
this conception in mind, attention was directed to the natural 
antineuritic substances of yeast, and results have been obtained 
which strengthen the conjecture that an isomerism plays a de- 
terminative réle in the physiological action of the natural ‘‘vit- 
amines” not less striking than in the hydroxy pyridines. 

A great obstacle confronting previous investigators of ‘‘vita- 
mines” has been the difficulty of securing adequate amounts of 
sufficiently concentrated products for experimental study. Since 
it had been shown by one of us? that the antineuritic substances 
of autolyzed yeast are completely adsorbed and retained in a 
physiologically active condition by fullers’ earth, we considered 
that this solid combination of relatively pure ‘‘vitamine”’ and 
an inert inorganic substance would offer greater advantages for 
this study than any product previously available. Its prepa- 
ration is extremely simple and it can be obtained in amounts 
limited only by the supply of yeast at hand. There is practically 
no loss of active “‘vitamine”’ in the process of ‘‘activating’’ the 


1 Williams, R. R., J. Biol. Chem., 1916, xxv, 437. 
2 Seidell, A., U. S. Pub. Health Reports, 1916, xxxi, 364. 
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solid, and the small amount of other substances adsorbed simul- 
taneously with the ‘‘ vitamine’’ do not appear to be of noteworthy 
consequence. 

Our first problem was to effect a separation of the ‘‘vitamines” 
from the fullers’ earth. Since fullers’ earth had previously been 
used for the isolation of alkaloids’ and the alkaloids subsequently 
recovered from the solid combination by means of alkali, it was 
expected that in the case of the “‘vitamine’”’ combination, alkali 
could be successfully used. However, since it is generally be- 
lieved that alkalis have a destructive effect on ‘‘vitamines,”’ 
it was decided first to attempt extraction with other than alkaline 
solvents. Attention was therefore turned to the use of acidified 
aqueous alcohol. In general, the experiments indicated that the 
antineuritic substances could be partially extracted by acid al- 
cohol but subsequent manipulation of this extract was compli- 
‘ated by the presence of large amounts of acid alcohol-soluble 
aluminium compounds.‘ These substances so contaminated 
all antineuritic fractions that no ash-free curative product could 
be obtained and the method wasabandoned chiefly on that account. 


The Effect of Alkalis on Vitamines. 


Some evidence was early encountered that the ‘ vitamines”’ 
of autolyzed yeast are not decomposed by alkali as readily as 
previously supposed. In a preliminary experiment, solid sodium 
hydroxide was dissolved in autolyzed yeast filtrate to the extent 
of 10 per cent by weight, the resulting alkaline solution was 
allowed to stand at room temperature for 5 hours and then neu- 
tralized with hydrochloric acid. On administering this solution 
to polyneuritic pigeons it was found that its curative properties 
apparently had suffered very little by the treatment. This 
appeared to contradict past evidence of the destructive effect 
of alkali> and it was therefore decided to conduct more extended 
experiments to settle this point. In the case of autolyzed yeast 


$ Lloyd, J. U., J. Am. Pharm. Assn., 1914, iii, 625; 1916, v, 381, 490. 

4 Moissan, H., Traité de chimie minerale, Paris, 1905, iv, 22. 

5 Fraser, H., and Stanton, A. T., Studies from Inst. Med. Research, Feder- 
ated Malay States, Singapore, 1911, No. 12, 74; Lancet, 1915, i, 1021. Cham- 
berlain, W. P., Vedder, E. B., and Williams, R. R., Philippine J. Sc., B., 
1912, vii, 45. 
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filtrate, Feeding Experiments 1 and 2 (Chart I) show no noticeable 
alteration of physiological activity resulting from a rather severe 
treatment with alkali. However, fullers’ earth, ‘activated’? by 
shaking with autolyzed yeast, suffered a certain modification of 
its physiological action when subjected to similar treatment (Feed- 
ing Experiments 3 to 6 inclusive, Charts II and III.) It was 
found that this product, though absolutely preventing the de- 
velopment of polyneuritic symptoms in birds fed on an exclusive 
diet of polished rice, failed to protect them against loss in weight. 
Therefore it appears that the complete physiological activity of 
the constituents of autolyzed yeast adsorbed by fullers’ earth is a 
combination of antineuritic and weight-maintaining functions, 
and.it is the latter only which is materially affected by alkalis under 
the conditions of the present experiments. Whatever the expla- 
nation of this phenomenon may be, we feel justified in concluding 
that such a product as that used in Feeding Experiment 6 still 
contains a substance which is essentially of a ‘“‘vitamine’’ nature. 


Theoretical Considerations Concerning the Chemical Nature of 
“‘ Vitamines.”’ 


Numerous writers have held the view that the ‘“vitamines,” 
by which term we mean certain constituents of untreated food- 
stuffs, are complex compounds. Accordingly various investi- 
gators have submitted products to autolysis or hydrolysis with 
mineral acids as a preliminary to chemical investigation, the 
object of such treatment being to reduce the complex natural 
compounds into simpler ones which possess at least the more 
essential physiological characteristics of the parent substances. 
That hydrolysis with mineral acids does effect some change in the 
‘“‘vitamines”’ is definitely proved by the fact that extract of rice 
polishings, after hydrolysis, has a distinctly altered physiological 
action, being much more efficacious as a curative agent than the 
original extract.6 It is only reasonable to suppose that this 
change results from cleavage of the original molecules. The 
evidence we have obtained regarding the effect of alkalis on ‘‘acti- 
vated”’ fullers’ earth suggests that the alteration of physiological 


6 Vedder, E. B., and Williams, R. R., Philippine J. Sc., B., 1913, viii, 
175. Williams, R. R., and Saleeby, N. M., cbid., 1915, x, 99. 
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properties observable in this case possibly is due to a different 
type of cleavage. (We recognize that this change in properties 
is equally well accounted for by other assumptions such as that 
of the existence of two types of ‘‘vitamines’’ only one of which 
is destroyed by alkali.’) 

Further, we have evidence that ‘‘vitamines’’ can be reduced 
to still simpler compounds which are physiologically active. 
Although the antineuritic properties of foodstuffs and of crude 
extracts persist through long periods of storage, it has been the 
experience of investigators who have attempted to isolate the 
‘“‘vitamines”’ that the final relatively purified fractions are appar- 
ently much less stable, since simple recrystallization may often 
serve to destroy the curative property. Later in this paper 
evidence will be presented that certain fractions of yeast may auto- 
matically lose their curative property when they are allowed to 
stand a few days at ordinary temperature. 

These facts suggest the following hypothesis which is in part 
a restatement of old conceptions. The ‘‘vitamines’’ contain one 
or more groups of atoms constituting nuclei in which the physio- 
logical properties are resident. In a free state these nuclei possess 
the ‘‘vitamine’’ activity but under ordinary conditions are 
spontaneously transformed into isomers which do not possess an- 
tineuritic power. The complementary substances or substituent 
groups with which these nuclei are more or less firmly combined 
in nature exert a stabilizing and perhaps otherwise favorable 
influence on the curative nucleus, but do not in themselves possess 
the ‘‘vitamine” type of physiological potency. Accordingly it 
is believed that while partial cleavage of ‘‘ vitamines’’ may result 
only in a modification of their physiological properties, by certain 
means disruption may go so far as to effect a complete separation 
of ‘“‘nucleus”’ and “‘stabilizer,’’ and if it does so will be followed 
by loss of curative power due to isomerization. The basis for the 
assumption that an isomerization constitutes the final and phys- 
iologically most significant step in the inactivation of a “vitamine’’ 
is found in studies of synthetic antineuritic products.! This 
assumption is supported by evidence, to be presented later in this 
paper, of the existence of such an isomerism in the crystalline 
antineuritic substance obtainable from brewers’ yeast. 


7 McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 181, 231. 
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It may well be that natural antineuritic substances, from the 
same or different raw materials, differ both in respect to the ease 
with which the stabilizing groups or substances are detached and 
to the rapidity with which the resulting free curative nucleus is 
transformed into a non-curative isomer. The acceptance of this 
hypothesis does not predicate anything with regard to the number 
or identity of the curative nuclei in various antineuritic feeding- 
stuffs nor does it negative the possibility of an actual disruption 
and decomposition of the “ vitamine’’ molecules as a contributory 
cause of their instability. 

With regard to nomenclature our position is that only natural 
food constituents capable of preventing the onset of specific 
typical symptoms are properly classed as ‘‘vitamines.’’ Other 
substances, whether split products from foodstuffs or derived 
from other sources, which are capable of relieving or curing these 
symptoms, are not necessarily ‘‘ vitamines’”’ but no doubt resemble 
them in some chemical feature. 

In this connection we desire to comment on our acceptance 
of the term ‘‘ vitamine,’’ which has been objected to as vague and 
etymologically misleading. McCollum and Kennedy have called 
attention to the wrong implication involved in the use of the term 
‘accessory’ food constituents and have suggested a terminology 
based on the solubility of the substances. Such a terminology 
seems to be an unfortunate choice, as the apparent solubility of 
the substances studied by McCollum may be a wholly fortuitous 
circumstance. It is well known that solubility of a given sub- 
stance is affected by the presence or absence of other substances in 
solution. Substances in suspension may also alter the apparent 
solubility through processes of adsorption. Therefore we have re- 
tained the word ‘“‘vitamine’”’ as Funk employed it, since it has 
been widely used and will serve to convey our meaning, and not 
because we wish to endorse all that the term might properly be 
held to imply. Until our knowledge regarding these substances 
is greatly extended we can scarcely hope to give them a fully 
satisfactory name. 

If the above hypothesis concerning ‘“‘vitamines’’ is funda- 
mentally sound there are two possible successful issues of a study 
of the alkaline extract of activated fullers’ earth; first to crystal- 


§ McCollum, E. V., and Kennedy, C., J. Biol. Chem., 1916, xxiv, 491. 
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lize a free or combined curative nucleus before it has opportunity 
to isomerize into a non-curative substance; or, second, to isolate 
this nucleus in an inactive form and convert it into the active 
isomer, thus proving that it is related to the original antineuritic 
substance. Experiments which will be described in the following 
pages show that a measure of success has been attained in both of 
these directions. 


Fractionation of an Alkaline Extract of ‘“‘Activated’’ Fullers’ Earth. 


From an extract obtained by shaking ‘‘activated’’ fullers’ 
earth with a 5 per cent solution of sodium hydroxide in dilute 
alcohol a crystalline substance was separated in the form of clumps 
of fibrous needles of such minute size as to be indistinguishable 
under the lower powers of the microscope (Fig. 1). These crys- 
tals were surprisingly uniform in appearance, free from coloring 
matter, and possessed very distinct antineuritic properties. 
When a dilute aqueous solution of the crystals is slowly evaporated 
the compound crystallizes in small rather irregular pyramids 
which melt at 345° (uncorrected). When they are dissolved in 
a& minimum quantity of hot water and the solution is rapidly 
cooled, the greater part of the substance crystallizes in needles 
resembling the original in crystal form. In both cases the re- 
crystallized product possessed no curative or protective power 
and proved to be identical with adenine. The activity of the 
original needles can scarcely have been due to adhering mother 
liquor for the mother liquor itself was much less curative than the 
crystalline substance. The original needles rapidly lost their 
curative power after drying but retained it when kept in contact 
with the mother liquor. These observations led us to believe 
‘that an isomer of adenine is the chemical entity which is respon- 
sible for the characteristic physiological activity of the curative 
crystalline product. 

In the course of the experiments on the isolation of antineuritic 
products extensive use has been made of the Folin-Macallum!® 
phosphotungstic acid reaction as a guide in following the physio- 
logically active substance. When autolyzed yeast or similar 
antineuritic products are treated with phosphotungstic acid and 


° Folin, O., and Macallum, A. B., J. Biol. Chem., 1912, xi, 265; 1912-13, 
xili, 363. Funk, C., and Macallum, A. B., Biochem. J., 1913, vii, 356. 
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subsequently with alkali a deep blue color is produced. It has 
been our experience that a negative test for this color indicates 
the absence of the curative substance in crude solutions. A 
positive reaction can with less assurance be taken to indicate the 
presence of the ‘‘ vitamine.”’ 

The application of this test afforded further evidence suggestive 
of isomerism. The original liquid from which the needle erys- 
tals are deposited gives an intense Folin-Macallum reaction. 
After crystallization has taken place the mother liquor responds 
to the test much less strongly and the crystals, as first obtained, 
respond only slightly and not at all after recrystallization. The 
property of producing an intense blue coloration with phospho- 
tungstic acid can be imparted to the crystalline substance by 
simple means. Still more convincing is the fact that by suitable 
treatment the completely non-curative recrystallized substance 
is converted into products which show distinct antineuritic prop- 
erties. The quantity of substance so far available has not been 
adequate to permit an attempt to isolate these reaction products. 

Funk has recently found adenine in the acetone-insoluble 
fraction of the phosphotungstates of autolyzed yeast.'° Possibly 
because it is a well known constituent of yeast which he had 
previously tested for antineuritic properties with negative results"! 
he apparently did not regard it as being connected in any way 
with the active substance. The fact that the curative fractions 
of yeast obtained by such diverse methods both yield adenine in 
relatively large quantities in itself argues that the adenine found 
is closely related to the curative substance, and gives further 
weight to our conclusion. 

We regard the work presented in this paper of chief interest 
not in its contribution toward establishing the composition or 
identity of this ‘“‘vitamine,’”’ which may or may not be a unique 
compound, but.in affording corroboration of the theory advanced 
elsewhere that an isomerism plays a determinative réle in the 
physiological potency of ‘‘vitamines.’’ The striking isomerism 
of 4-phenyl-isocytosine” suggests itself as possibly similar to that 


10 Funk, C., Biochem. Bull., 1916, v, 1. 

11 Funk, J. Physiol., 1912-13, xlv, 489. 

12 Warmington, E., J. prakt. Chem., 1893, xlvii, 214. Johnson, T. B., 
and Hill, A. J., J. Am. Chem. Soc., 1914, xxxvi, 1201. 
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presumed to exist in adenine. Studies of synthetic preparations 
of both substances will be undertaken shortly in order to test the 
correctness of this view. 


EXPERIMENTAL PART. 


Brewers’ yeast was autolyzed and filtered, and each liter of 
the filtrate so obtained was shaken with 50 gm. of specially pre- 
pared fullers’ earth (Lloyd’s reagent) kindly furnished us by Pro- 
fessor J. U. Lloyd. The procedure followed in these operations 
has been described in a recent paper by one of us.2. The auto- 
lyzed yeast filtrate so prepared is curative for polyneuritis in 
pigeons in doses of 1 cc. 50 mg. of the ‘activated’ fullers’ 
earth has an approximately equivalent antineuritic potency. 
Analysis of such ‘‘activated”’ earth by the Kjeldahl method indi- 
cated the presence of 2.6 to 3.0 per cent of nitrogen. 

In each of the feeding experiments described in the following 
pages the pigeons were kept in cages in groups of six to ten and 
supplied only with polished rice and water. Each bird was 
weighed every 2nd or 3rd day, and immediately thereafter given 
by mouth the liquid or solid material being tested for its “vi- 
tamine”’ character. On account ofthe variation in eating habits of 
the pigeons the daily fluctuations in weight were large and the 
weight curves show corresponding irregularities. It is therefore 
only the grosser changes in weight which are significant. In 
order to make a comparison of the several birds, the ordinates 
in all charts represent the observed weights expressed as per cent 
of the previously determined normal weight~of the bird on a 
mixed diet. The abscisse in all cases represent the number 
of days the experiment had progressed. Ordinarily controls of 
each group of birds were not kept since a large number of control 
experiments had previously been made and the effect of an ex- 
clusive diet of polished rice was fairly definitely known. 


Acid Extraction of ‘“‘ Activated”’ Fullers’ Earth. 


100 gm. of ‘‘activated”’ fullers’ earth were digested for 5 hours on 
a steam bath under a reflux condenser with 200 cc. of 50 per cent 
alcohol containing approximately 10 per cent by weight of hydro- 
chloric acid. The hot mixture wasrapidly filtered through a layer 
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of asbestos by the use of suction. The filtrate was evaporated 
to dryness under diminished pressure. The dark residue was 
dissolved in water and the solution filtered. 2 cc. of the filtrate 
corresponding to about 2 gm. of ‘‘activated”’ earth caused no 
improvement in a paralyzed pigeon and the bird died within about 
10 hours (S110). The solution was evaporated to dryness in a 
vacuum desiccator and yielded a greenish gray residue, 10 mg. 
of which produced undoubted improvement in a completely 
prostrated pigeon (S 140). This residue was found to be almost 
completely soluble in absolute alcohol. On pouring the alcoholic 
solution into ethyl ether, a very voluminous light colored precipi- 
tate separated. This was collected on a filter, washed with ether, 
and dried in a vacuum desiccator. 10mg. of the resulting brittle 
dark gray product relieved the paralysis in a pigeon (W 82) but 
the bird remained stupid and weak and died on the 5th day. A 
larger quantity of this ether-insoluble material was prepared 
and thoroughly dried in a vacuum desiccator. It was found to be 
extremely hygroscopic, yielded copious amounts of free hydro- 
chlorie acid vapors on exposure to the air, and on ignition left a 
large quantity of inorganic residue, principally alumina. 

Another 100 gm. lot of ‘‘activated”’ fullers’ earth was extracted 
as in the first experiment. The extracted solid after washing 
several times on the filter was dried and 0.1 gm. administered to a 
polyneuritic pigeon (S 157). The results indicated that the solid 
still retained a considerable amount of active material. 

The extract obtained from the above digestion was evaporated 
to dryness under diminished pressure as before. The residue was 
extracted several times with warm acetone which dissolved only 
a relatively small part of it. The acetone-insoluble residue was 
taken up in about 50 cc. of absolute alcohol and the filtered solu- 
tion was concentrated on a hot plate to about 20 cc. On stand- 
ing over night a fairly uniform deposit of cubical crystals was 
obtained. These were very soluble in water and alcohol and on 
drying gave off hydrochloric acid and lost their crystalline char- 
acter. Their properties appeared to correspond in general to those 
of hydrated chlorides of aluminium as described by Moissan.‘ 
It is therefore probable that the product resulting from acid alcohol 
extraction of ‘‘activated’’ earth consists largely of aluminium 
chloride as such or as double salts with alkalis. Since the products 
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showed physiological activity it is evident that minute amounts 
of antineuritic material accompanied the inorganic salts. An 
attempt to separate the ‘‘vitamine”’ from the inert material by 
precipitating the alumina with ammonia yielded a filtrate in which 
no antineuritic activity could be detected. 


The Effect of Alkalis on the “ Vitamines” of Autolyzed Yeast. 


(a) A quantity of physiologically active autolyzed yeast filtrate 
was divided into two equal portions. One portion was treated 
with alkali on March 7 as described below and used for administra- 
tion to a group of birds during the period from March 7 to May 8 
(Pigeons 8 128, 137, and 140, Chart I). Thesecond portion was 
reserved for the treatment of Pigeons 8 130, 131, and 148 (Chart 
I), aliquots of the liquid being withdrawn on the days the pigeons 
were dosed, and treated with alkali in the same manner immedi- 
ately before administration. The pigeons received the respective 
liquids on alternate days in amounts equivalent to 3 cc. of the 
original yeast filtrate. In every respect the two groups were 
treated alike except that in one case the birds received a product 
treated with alkali some time in advance and in the other they 
received the same product freshly prepared from day to day 
during the progress of the feeding test. The method of treating 
with alkali was as follows: Sufficient 50 per cent sodium hydroxide 
solution was added to a known volume of autolyzed yeast filtrate 
to give a concentration of 5 per cent by weight of sodium hydroxide 
in the mixture. The alkaline solution was allowed to stand 5 
hours at room temperature, faintly acidified with a measured 
quantity of hydrochloric acid, and filtered. 

The animals in both groups showed no detectable impairment 
of health or vigor and with the exception of one bird in each group 
maintained approximately normal weight during the entire 60 day 
period of the experiment, as shown in Chart I. The loss in weight 
in the case of the two birds amounted to only about 15 per cent. 
It is therefore apparent that the ‘‘vitamine”’ in autolyzed yeast 
is not appreciably affected by being kept in a 5 per cent caustic 
solution at room temperature for a period of 5 hours. 

(b) 50 gm. of ‘activated’ fullers’ earth were shaken with 200 ce. 
of 5 per cent aqueous sodium hydroxide and allowed to stand in 
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contact with the alkaline liquid for 5 hours. A slight excess of 
hydrochloric acid was then added to the suspension and the mix- 
ture shaken and filtered. The solid, which should have readsorbed 
all unchanged ‘‘vitamines’’ from the acidified solution, was ad- 
ministered every 2 or 3 days to Pigeons 8 149 and 150 in doses of 
0.15 gm. (Chart II). Although the birds were reduced to about 
75 per cent of their original weight, no polyneuritic symptoms 
developed and they seemed as healthy and active as normal ones 
up to the end of the experiment. 

(c) The above experiment was repeated with the modification 
that the “activated” earth was allowed to stand in contact with 
the alkaline liquid for only 10 minutes. After acidifying and 
filtering, the solid residue was used for treating Pigeons 8 153 and 
154 (Chart II), and the filtrate was given to two others (Nos. 
S$ 155 and 156, Chart II), the dosage at 2 or 3 day intervals in 
each case being equivalent to 0.15 gm. of the original ‘‘activated’’ 
earth. The solid residue as before afforded complete protection 
against any symptoms of disease and in addition the loss in weight 
was much less than in the previous experiment. In the case of 
Birds 8 155 and 156 which received the filtrate, the loss in weight 
and development of polyneuritis showed that practically all of 
the ‘‘vitamine’ had been readsorbed by the fullers’ earth on 
acidifying the alkaline mixture. Since in both cases of the birds 
receiving the solid which had been treated with alkali, no poly- 
neuritic symptoms developed, it is apparent that alkali had not 
affected the antineuritic properties of the solid. The marked 
losses in weight show that some alteration of the adsorbed ‘“‘vi- 
tamine”’ had occurred. 

(d) 100 gm. of ‘‘activated”’ fullers’ earth were shaken with 500 
ce. of 5 per cent aqueous sodium hydroxide solution for 10 minutes. 
The mixture was filtered with the aid of suction and the filtrate 
slightly acidified with hydrochloric acid. A yellowish precipitate 
separated and this was removed by filtration. The solution so 
obtained was used for treating two birds, Nos. 8 151 and 152 
(Chart III). Each bird ‘received by mouth every 2 or 3 days an 
amount of the neutralized alkaline extract equivalent to 0.15 gm. 
of the original ‘‘activated’’ earth. The birds lost only about 
10 per cent in weight and apparently remained in perfect health 
during the 50 days of the experiment. Therefore it may be 
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concluded that by rapid extraction of ‘‘activated’”’ fullers’ earth 
with 5 per cent caustic alkali, the adsorbed ‘“‘vitamine’’ can 
be removed without materially diminishing its physiological 
potency. This was a very important point to settle since the 
method for isolating crystalline antineuritic substances described 
in the following section is based upon the alkaline extraction of 
the ‘‘activated”’ solid. 


Fractionation of Alkaline Extract of ‘ Activated’? Fullers’ Earth. 


(a) 200 gm. of ‘‘activated”’ fullers’ earth were shaken vigorously 
for 15 minutes with 400 ec. of 5 per cent aqueous sodium hydroxide 
solution. The liquid was filtered with the aid of suction and the 
solid residue was shaken with 400 cc. of 95 per cent alcohol and 
the suspension was filtered as before. The combined aqueous 
and alcoholic filtrates were neutralized with glacial acetic acid. 
This produced a small flocculent precipitate which was separated 
by filtration and discarded. The reddish brown filtrate gave a 
strong Folin-Macallum reaction. An amount of it equivalent 
to 90 mg. of the original activated earth was administered toa 
polyneuritic pigeon (W 85). The next day the bird was appar- 
ently normal and 15 days elapsed before the return of the symp- 
toms. Another extract similarly prepared gave like results 
with another bird (W 66). 

A saturated aqueous solution of mercuric acetate was added 
to the above filtrate as long as any precipitation was produced. 
The mercuric acetate precipitate was separated with suction and 
dried on a porous plate. When air-dried the product weighed 18 
‘gm. 

Hydrogen sulfide was passed into the filtrate from the mercuric 
acetate precipitate. After removal of the resulting mercuric 
sulfide by filtration and expulsion of the excess of hydrogen 
sulfide by boiling in vacuo, the liquid gave a moderate Folin- 
Macallum reaction. A large dose equivalent to 0.8 gm. of the orig- 
inal activated earth was administered to‘'a polyneuritic pigeon (W 
100). The bird gradually improved and lived 12 days but at 
no time regained full use of its legs and wings. Accordingly this 
fraction was not investigated further. 

The dried mercuric acetate precipitate was finely ground, 
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suspended in 150 ce. of water containing 5 cc. of glacial acetic 
acid, and decomposed with hydrogen sulfide. The mercuric 
sulfide was removed by centrifugation and extracted four times 
by maceration with portions of 100 ec. of water containing hydro- 
gen sulfide. The combined extracts were filtered and boiled in 
vacuo to expel hydrogen sulfide. A portion of the solution was 
reserved for tests of its antineuritic properties. On the Ist 
day after preparation a dose equivalent to 0.09 gm. of original 
activated earth was given to a polyneuritic bird (W 88). It had 
recovered completely from the paralysis the following day, be- 
came alert and active, gained 15 gm. in weight, and lived 18 days 
before return of severe symptoms. This indicated that mercuric 
acetate precipitates the larger part of the antineuritic substance. 
When 8 days old the same solution in the same quantity was 
administered to another polyneuritic bird (W 97). The bird 
recovered from the severe paralysis but remained slightly stupid 
and redeveloped symptoms after 8 days. The maximum gain 
in weight was only 7 gm. though the bird was thin when treated. 
When the solution was 13 days old an equal dose was given a 
third bird (W 99). No improvement resulted nor did the bird 
recover after a second equal dose given on the following day. 
It died 3 days after the first treatment. Although only three 
birds were involved in these experiments they appear to indicate 
a loss of curative power with lapse of time. 

Meanwhile without unnecessary delay, the main portion of the 
filtrate from the mercuric sulfide was evaporated in vacuo to 
a volume of 50 ec. during which process about 0.5 gm. of a granular 
brownish substance separated. The substance was removed by 
filtration, washed with water, and recrystallized from hot water. 
It proved very sparingly soluble in cold water and only slightly 
in hot. After recrystallization the substance was still not of a 
uniform appearance, consisting of irregular warts and pyramids 
mixed with whetstone-shaped crystals. It decomposed above 
330°, gave no Folin-Macallum reaction either directly or after 
treatment with acids (compare below), and showed no evidence 
of curative properties. Inasmuch as the product was evidently 
a mixture of difficultly soluble substances which could not be 
resolved into purer fractions by simple recrystallization, it was 
not studied further. 
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The filtrate from this substance was placed in a vacuum desic- 
cator over sulfuric acid. The following day the liquid was covered 
with a white crust beneath which was a magma of material of 
fibrous texture. The crust was separated mechanically as com- 
pletely as possible and the magma of crystals underneath removed 
by filtration. The combined weight of both forms was 0.85 gm. 
Under the microscope the crust was seen to be made up of color- 
less warts. The underlying material was nearly white and proved 
to consist of rosettes of extremely fine fibrous needles, which 
could be distinguished only under the higher powers of the 
microscope. The material was strikingly uniform in appearance. 
Both the crust and the fibrous needles gave only a faint Folin- 
Macallum reaction and the filtrate from them also gave this 
reaction moderately, though the liquid had done so intensely 
before crystallization began. The fresh needles were found to 
possess a marked curative power. One pigeon (W 94) in a 
severely paralyzed condition received an injection of 1 mg. in 
water solution. It showed improvement within 2 hours, recovered 
completely from paralysis, and was able to fly the following day. 
A day later another bird (W 101) developed symptoms and was 
given an injection of a water solution of 2 mg. of the needles. 
The following day it had recovered completely, gradually gained 
42 gm. in weight, and lived 12 days. On the 4th day after sepa- 
ration of the needles a bird (W 102) was dosed similarly and im- 
proved considerably though less than the birds previously treated, 
but lived 17 days. On the 7th day another pigeon (W 98) after 
an injection of 2 mg. improved slightly but gained no weight, and 
died the 3rd day. It was later found that the material had lost 
its crystalline form and had become amorphous. 

2 mg. of the mother liquor 2 days after separation of the needles 
were administered by injection to a polyneuritic pigeon (W 93). 
An extremely slight improvement followed. A second dose of 
3 mg. the following day produced no visible result and death 
followed within a few hours. 

The needles after drying over night in a vacuum desiccator 
melted with decomposition at 318° (uncorrected), and dissolved 
in hot concentrated sulfuric acid with the production of a slight 
violet color. They were sparingly soluble in cold water but 
readily in hot. In alcohol they dissolved less freely than in 
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water at corresponding temperatures. When recrystallized from 
water by the evaporation of a dilute solution 7n vacuo over sul- 
furie acid, the substance yielded irregular pyramids melting fairly 
sharply at 345° (uncorrected) with decomposition and partial 
sublimation. 

The crusty material referred to above also yielded this product 
when recrystallized in the same way. On recrystallizing the 
pyramids (melting point 345°) from a small amount of hot 
water rosettes of fine needles were obtained from the rapidly 
cooled solution. Evidently the substance crystallizes in two 
forms, one of which, the needles, contains water of crystalli- 
zation. A quantitative determination of the water was not at- 
tempted since a product wholly free from pyramids was not 
obtained. 

The recrystallized needles showed no antineuritic properties 
as indicated by curative tests on polyneuritic birds (W 95 and 
106). The pyramids (melting point 345°) possessed no curative 
or protective properties (Birds 8 116, 119, 123, and 125, Chart IV). 
Neither form as obtained by recrystallization yielded a blue 
coloration with phosphotungstic acid and alkali. After boiling 
for an hour or more with glacial acetic acid, acetic anhydride, 
or dilute hydrochloric or sulfuric acid, both forms gave this 
reaction intensely. Prolonged standing at ordinary temperatures 
in mineral acid solution also imparted to them the power to give 
the coloration. When heated a moment with concentrated 
sulfuric acid to the boiling point little charring resulted. After 
diluting, the addition of the Folin-Macallum reagent produced 
a blue color of extraordinary intensity. The fused and partially 
charred pyramids also gave this reaction strongly. 

The filtrate from the original needles and crusts and the first 
mother liquors from recrystallization of these substances on slow 
evaporation in a vacuum desiccator left a residual syrup, in which 
in course of 10 days a quantity of large rather short needles ap- 
peared. They proved extremely soluble in water. Addition of 
non-aqueous solvents to the mixture of needles and syrup caused 
the deposition of gum upon the crystalline material and a satis- 
factory separation could not be effected by this means. By re- 
peated pressing of the syrupy crystalline mass between moist filter 
papers a small fraction of the crystals was obtained in a perfectly 
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white condition. The crystals so separated were still sticky with 
adhering mother liquor and contained a little ash. No evidence of 
curative power was obtained nor did the substance produce more 
than a faint blue color with phosphotungstic acid under any 
conditions. 

(b) Ina second experiment 200 gm. of “activated” fullers’ earth 
were shaken vigoreausly for 10 minutes with 500 ec. of 50 per cent 
alcohol containing 5 per cent sodium hydroxide, and filtered. The 
residual earth was washed with a further portion of 300 ec. of 50 
per cent alcohol. The combined filtrate and washings were neu- 
tralized with hydrochloric acid. A yellow granular precipitate 
separated on standing and was removed by filtration. The fil- 
trate which yielded an intense blue color on treatment with phos- 
photungstic acid and sodium carbonate was evaporated in vacuo 
to about 150 cc., and filtered from a further granular deposit. It 
was then evaporated 7n vacuo to dryness and themass was extracted 
with 90 per cent alcohol leaving a residue consisting largely 
of sodium chloride. The alcoholic extract was concentrated in 
vacuo to a volume of about 25 cc. and placed in a vacuum desic- 
cator over sulfuric acid. A magma of rosettes of fine needles was 
deposited. They were evidently identical with the product pre- 
viously obtained but were more contaminated with foreign crystal- 
line substances and a brown coloring matter. Since the aggre- 
gates were composed of fibrous needles radiating in all directions 
from a common center, the microscope could not be focused so 
as to show the whole of any rosette at one time. On this account 
and because of the fineness of the needles it was not possible to 
make a satisfactory photograph. A drawing which is reproduced 
herewith (Fig. 1) was made with the aid of a camera lucida and 
illustrates the appearance of the rosettes as seen by varying the 
focus while looking through the microscope. 

The bulk of the mother liquor was removed by centrifugation. 
The mass of crystals was kept in the condition in which it was 
deposited in the centrifuge tube, the supernatant liquid being 
merely drained off as completely as possible. In this condition 
the needles appear to retain their characteristic crystal form indefi- 
nitely. When kept in this state they proved capable of curing 
polyneuritic birds and preventing the recurrence of the symptoms 
for about 45 days, which was as long a period as it was thought 











R. R. Williams and A. Seidell 447 


desirable to continue the experiment (Chart IV). Such birds 
increased markedly in weight and after more than 80 days on a 
white rice diet had a normal appearance. Weight was main- 
tained at about 80 per cent of the normal when doses of 10 mg. 
of the moist crystals were given every 2 or 3 days. In one case 
(Bird 8 121) the dose was increased to 50 mg. (see arrow, Chart IV) 
given at the same intervals. This pigeon regained its original 
weight in about 30 days. It then developed ulcerations and 
swellings in the mouth and being unable to eat began to decline 
in weight rapidly. It was killed after having lived a total of 73 
days on a white rice diet. Healthy birds fed on white rice and 
given an occasional dose developed no symptoms of disease. 
However, weight was maintained only on a subnormal plane when 
doses of 5 to 10 mg. were given by mouth every 2nd day (Chart V). 

(c) Since this method of isolating the crystalline product was 
much shorter and more convenient than that involving the use of 
the mercuric acetate, it was adopted for the preparation of a suffi- 
cient quantity of the crystals for purification and chemical analysis. 
During the course of this work it was found that while aqueous 
sodium hydroxide appears to extract the antineuritic substance 
more completely, it has the disadvantage of yielding much more 
highly colored extracts which usually crystallize very slowly if 
at all. On the whole, alkaline 50 per cent alcohol seems most 
satisfactory. 

A quantity of the crude crystalline product so obtained weighed 
2.7 gm. It was recrystallized once from water by rapid cooling 
of a concentrated solution and deposited largely in the form of 
rosettes of needles. It was then recrystallized once from hot 
absolute alcohol in which it dissolved sparingly, once from 2 per 
cent acetic acid, then dissolved in dilute hydrochloric acid and 
precipitated with an excess of ammonia, and finally fractionally 
recrystallized twice from water. During this process we had 
occasion to regret our decision to omit the mercuric acetate pre- 
cipitation, as it was found difficult to purify this product by erys- 
tallization. The final purest fraction weighed 1.07 gm., was 
nearly pure white, and consisted almost exclusively of the needle 
form. It was free from ash and after drying at 130° melted at 
340° (uncorrected). After drying at 110—115° in vacuo it was 
submitted to analysis. 
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per cent 


43.23 


Determinations of nitrogen by the Kjeldahl method gave 49.57 
and 49.31 per cent N. 

A sample of the product as analyzed for carbon and hydrogen 
was dried further in vacuo at 130° for 3 hours. It lost 1.8 per cent 
in weight. Correcting the above analysis for moisture the figures 


obtained are: 
per cent 


DU AeaCe 6 SUL aee dM eM ASN aS bdr wero oe ned Rana e 64 end eee erie 44.02 


A similar moisture determination on the sample as submitted 
to the Kjeldahl method indicated the presence of 2.08 per cent of 
moisture, the substance having gained in weight on standing in a 
desiccator over calcium chloride. Corrected for moisture the 
above figures become 50.62 and 50.36 per cent of nitrogen 
respectively. 

A sample of the substance was placed in a small tube and dried 
in vacuo at 130°, the tube being closed tightly with a rubber stopper 
on removal from the oven. After cooling, the substance was 
quickly transferred to a boat and placed inthe combustion furnace, 
the weight being taken by difference. The result of the analysis 


per cent 


Nitrogen determinations by the Kjeldahl method on the 
product dried in the same way gave 50.62 and 50.55 per cent 
respectively. 

These analyses are in substantial accord with the corrected 
analyses recorded above and suggest that the substance is an 


impure monoamino purine. 
Cc H N 
Calculated 44.41 3.73 51.86 


A portion of the substance was dissolved in hot water and pre- 
cipitated with aqueous picric acid solution. A crystalline picrate 
was obtained in the form of silky needles. These were twice 
recrystallized from hot water without apparent change of crystal 
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form. When rapidly heated they began to darken at 280° and i 
melted sharply with complete charring and marked effervescence i 
at 296-297°. A sample of adenine picrate from adenosine, kindly i 
furnished us by Dr. P. A. Levene, showed precisely the same 
behavior. Mixtures of our picrate with that obtained from Dr. 
Levene gave a melting point which did not differ from that of either 
substance separately. We found that the decomposition, which Ht 
begins at about 280°, takes place far from sufficiently sharply to 
be characteristic. . 

A few mg. of adenine were prepared from Dr. Levene’s picrate 
by extracting the picric acid with ether from a hydrochloric 
acid solution and precipitating the base with ammonia. So pre- 
pared it responded to the Folin-Macallum reaction in precisely 
the same way and under the same conditions as did our substance 
melting at 345°. The application of Kossel’s test!* also confirmed 
the identity of the two substances. 

(d) Since fusion and treatment with acids gave this substance 
the power to produce a blue color with phosphotungstic acid, it 
was of interest to test the antineuritic properties of the material 
so treated. In three cases from 5 to 20 mg. of the non-curative 
substance as submitted to analysis were fused in vacuo in small 
tubes. The contents of the tubes were then removed, suspended 
in cold water, and administered to three polyneuritic pigeons. 
Bird W 92 was markedly improved but died the 3rd day; W 96 
became bright and lively and lived 7 days; W 97 (second onset) 
did not improve. 

In two experiments small amounts of the substance were boiled 
with 10 per cent sulfuric acid for 3 hours. The sulfuric acid was 
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then removed by treatment with calcium carbonate and the result- 
ing solutions which gave a marked Folin-Macallum reaction were 
given to two pigeons (W 85 and 99) by mouth. No benefit was 
observed in either case. 
The general methods used by Johnson and Hill for producing i 
isomers of 4-phenyl-isocytosine” were applied to the substance. | 
10 mg. were heated with 1 cc. of absolute alcohol in a sealed tube 
to 180° for 3 hours. On cooling, only traces of crystallization took 
place on standing 48 hours. The tube was then opened and the 


















13 Kossel, A., Z. physiol. Chem., 1888, xii, 241. Fischer, E., Ber. chem. 
Ges., 1897, xxx, 2226. 
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contents, diluted with five volumes of water, were administered 
by mouth to a severely paralyzed pigeon (W 109). The following 
day it could run about freely but could not fly. Death followed 
3 days later. Three other birds (W 115, 116, and 117), similarly 
treated, all showed distinct improvement and lived 8, 8, and 9 
days respectively. 50 mg. of the non-curative substance were 
heated at 100° for 5 hours with 5 ec. of absolute alcohol in which 
10 mg. of metallic sodium had been dissolved. The resulting 
orange liquid was evaporated to dryness on the steam bath. A 
polyneuritic pigeon (W 114) received an injection of 5 mg. of the 
residue dissolved in cold water immediately before administration. 
Improvement was noticeable in 3 hours. The following day the 
bird could run and fly freely and showed no symptoms of neuritis. 
It gained 10 gm. in weight during the Ist day but then declined 
and became severely paralyzed on the 4th day. It was again 
treated with a fresh preparation identical with the one previously 
used and again recovered from paralysis, gained 25 gm. in weight, 
and again declined and died with typical symptoms on the 8th 
day after the first onset. Bird W115a similarly treated was much 
improved in general condition and gained 20 gm. in weight but 
did not recover entirely from paralysis. Severe symptoms returned 
on the 3rd day and the bird was repeatedly dosed with autolyzed 
yeast filtrate. This did not serve to improve its condition more 
markedly than had the previous treatment and it seems probable 
that this individual was suffering from nerve lesions too deep 
seated to permit of arapidcure. Bird W 118 wasalso treated with 
the sodium ethylate product and recovered very strikingly from 
severe paralysis and, though it gradually lost 18 gm. in weight, 
lived 11 days. In every case improvement followed treatment 
with this product and in some cases the changes in the condition 
of the birds were of an exceptional character. 

It was found that if the residue from the above sodium ethylate 
treatment was treated directly with phosphotungstic acid, fol- 
lowed by sodium carbonate to render the solution again alkaline, 
an intense blue color developed. A portion of the residue carefully 
neutralized with hydrochloric acid also produced marked color- 
ation on addition of phosphotungstic acid and sodium carbonate. 
When, however, a large excess of hydrochloric acid was added to 
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the residue scarcely a trace of color was produced on subsequent 
treatment with the Folin-Macallum reagent. i 

Our supply of purified base as well as that of authentic adenine h 
was exhausted by these experiments. i 









SUMMARY. 





1. The physiological properties of autolyzed yeast filtrate were 
not appreciably altered by treatment with relatively concentrated 
caustic alkali. 

2. In the case of fullers’ earth “‘activated”’ by contact with auto- | 
lyzed yeast filtrate, aqueous alkali modified the physiological 3 






action in respect to its power to maintain the weight of pigeons 
on a deficient diet, but did not sensibly affect its antineuritic 
function. | 

3. By alkaline extraction of ‘‘activated”’ fullers’ earth a crystal- . 
line antineuritic substance was obtained, the physiological action 
of which was apparently not due to adhering mother liquor. 

4. On attempting to purify this substance further by recrystal- 
lization, its antineuritic properties were lost and the resulting if 
product was found to be identical with adenine: Hy 

5. By suitable treatment of the resulting adenine, it acquired } 
antineuritic properties, and the power to give a blue color with i} 
the Folin-Macallum reagent. 

6. The explanation of the results obtained appears to be that 
an isomer of adenine is the chemical entity responsible for the 
characteristic physiological properties of the “‘vitamine’’ under 
investigation. 

7. A hypothesis regarding the chemical nature of ‘‘ vitamines’”’ 
is suggested. 
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Cuart I. Feeding Experiment 1 (Birds 8 128, 137, and 140). Showing 
the effect of autolyzed yeast filtrate which was previously treated with 
alkali. 

Feeding Experiment 2 (Birds 8 130, 131, and 148). Showing the effect 
of autolyzed yeast filtrate freshly treated with alkali. 


CHART TI. 


Cuart II. Feeding Experiment 3 (Birds S 149 and 150). Showing the 
effect of ‘‘activated’’ fullers’ earth which had been digested with alkali 
for 5 hours. 

Feeding Experiment 4 (Birds S 153 and 154). Showing the effect of 
“activated” fullers’ earth which had been digested with alkali for 10 
minutes. 

Feeding Experiment 5 (Birds 8S 155 and 156). Showing the effect of the 
filtrate from the earth used in the previous experiment. 
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CuartIII. Feeding Experiment 6 (Birds S 151 and 152). Showing: 
the effect of a neutralized alkaline extract of ‘‘activated’”’ fullers’ earth. 
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CHart V. Feeding Experiment 8.. Bird 146 received 10 mg. and 147, 
5 mg. doses of the moist crystalline needles (Fig. 1). 
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PLATE 2. 


Fic. 1. Crystalline antineuritic substance from autolyzed yeast. (Drawn 
with the aid of a camera lucida.) 
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(Williams and Seidell: Chemical Nature of Vitamines.) 

















FURTHER STUDIES OF THE RELATION OF THE QUALITY 
OF PROTEINS TO MILK PRODUCTION. * 


By E. B. HART anp G. C. HUMPHREY. 
Wirs THE Cooperation or A. A. ScHAAL. 


(From the Departments of Agricultural Chemistry and Animal Husbandry 
of the University of Wisconsin, Madison.) 


(Received for publication, July 5, 1916.) 


In an earlier publication! it was pointed out that the protein 
synthetic power of the mammary gland was not so distinct as to 
make it independent of the quality of the nitrogenous units fur- 
nished by the ration. It was shown by the final method of ex- 
perimentation and calculation used that the proteins of the corn 
or wheat grain had a much lower efficiency for milk protein con- 
struction than the proteins of milk itself. 

It was apparent from this work that the nutritive ratio or the 
plane of protein intake for milk production need not be a set 
ratio, dependent alone upon the quantity and quality of the 
milk produced, but could be varied, dependent upon the quality 
of the proteins in the ration. This harmonizes perfectly with the 
available facts concerning the relation of proteins to growth and 
does not give to the specialized group of cells constituting the 
mammary gland a synthetic power for proteins wholly independ- 
ent of the quality of the amino-acids furnished by the blood stream. 

It was further shown that the inefficiency of the proteins in a 
ration for milk production was concealed, at least for a compara- 
tively short period, by the ability of the animal to metabolize 
its tissue proteins, thereby compensating for the deficiencies in the 
structure of the proteins of the ration and at the same time al- 
lowing a maintenance of milk secretion at a fairly high level. 
This phase of protein metabolism was made manifest by an in- 


* Published with the permission of the Director of the Agricultural 


Experiment Station. 
1 Hart, E. B., and Humphrey, G. C., J. Biol. Chem., 1915, xxi, 239. 
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creasing or decreasing nitrogen loss as the proteins ingested were 
either structurally inferior or superior. Further, it appeared pos- 
sible that normally milk protein production was at the expense of 
body tissue and that the ingested proteins of a ration were utilized 
in restoration of catabolized tissue, thereby making their utiliza- 
tion analogous to the growth requirement. We pointed out that 
the proteins investigated showed a higher efficiency for milk 
production or restoration of utilized tissue than during growth 
alone. This was explained on the assumption that the catabo- 
lized tissue so supplemented the amino-acids originating from the 
ingested proteins as to raise their real efficiency—a condition aris- 
ing because of the negative nitrogen balance of the animal. In 
the light of the modern theory of protein metabolism it would be 
unnecessary to assume that milk protein production was at the 
expense of body tissue, but rather that it was sustained directly 
by the amino-acids arising from the proteins of the ration. 

After recognizing this inequality of proteins for milk produc- 
tion it was apparent that further studies, because of theoretical 
interest and practical importance, should be made of the efficiency 
for milk production of the common protein concentrates used in 
feeding milking animals. During the past year we have studied 
the utilization of the proteins of gluten feed, distiller’s grains, oil 
meal, casein, and skim milk powder. Gluten feed represents the 
proteins from the endosperm of the corn kernel and what is in- 
cluded in the outer bran layers. The embryo is not present; this 
is an important distinction to be kept in mind. Distiller’s grains 
may be derived wholly from the corn grain, but contain the em- 
bryo and its proteins. Some brands of distiller’s grains may 
contain, besides corn, a small proportion of barley andrye. The 
brand used in this work was known as “Ajax” and we were as- 
sured that it was derived wholly from the corn kernel. The oil 
meal used was common ‘‘Old Process Meal,”’ the residue from the 
flaxseed after expressing the oil by heat and pressure. The milk 
products were the common stock products of the market. 


Plan of Experiment. 


The plan of experimentation was to use a basal ration consist- 
ing of corn stover, silage, corn meal, and starch, to which would 
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be added the concentrates. The basal ration was maintained 
constant in relation to its source and proportion of nutrients for 
any individual in the different periods, the only variable in suc- 
ceeding periods being the concentrate and starch. These were 
supplied in such quantities as to make the plane of protein intake 
and net available energy uniform in the several periods. As illus- 
trative of the proportions of the various food materials in the 
ration when an animal was receiving daily approximately 50 
pounds of material the following table is appended. 


TABLE I. 


Source and Proportion of Nutrients Used. 





Skim milk 
powder 
ration. 


Gluten Distiller’s 
feed grain 
ration. ration. 


Oil meal Casein 
ration. ration. 








lbs. lbs. lbs. 











Corn stover............. 11.0 11.0 11.0 11.0 11.0 
CNS css se seten 23.5 23.5 23.5 23.5 23.5 
OS Se ee 9.5 9.5 9.5 9.5 9.5 
Concentrate............. 5.0 4.3 3.5 1.65 3.1 
ced dic ckveckekas 1.0 1.7 2.35 4.0 2.5 

.0 49 .65 49.6 
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Three pure-bred Holsteins of large milking capacity were used 
for the work. Under normal herd management these animals 
produced from 45 to 55 pounds of milk daily. They were not 
with calf. The animals were maintained in a comfortable place 
and all excreta quantitatively collected. They were milked twice 
daily and exercised two to three times a week. Weights were 
taken weekly. The plan was to place each individual on any one 
of the rations for a 4 week period with immediate change to an- 
other concentrate, thus involving each animal in 16 to 20 weeks 
of observation. Preliminary to making the first records there 
was a feeding period of 1 week. 

The urine and feces were analyzed daily for nitrogen, while a 
weekly analysis was made of a 7 day composite of milk. Our 
earlier observations had shown that with the nutrients from the 
corn grain, gluten feed, and corn stover, and a daily production of 
about 20 pounds of milk of average composition, the nitrogen 
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equilibrium could not be maintained with a nutritive ratio of 
1:8, equivalent to a plane of digestible protein intake of approxi- 
mately 7 per cent, or of a total protein content of from 9 to 10 
per cent of the ration. Nitrogen equilibrium could, however, be 
maintained even with somewhat higher production when the 
proteins were derived from skim milk. For these reasons it was 
planned to use rations with a nutritive ratio of approximately 
1:8, as it was essential that the animals be in negative nitrogen 
balance or just in equilibrium in studies of this character. With 
an excess of nitrogen and the animal in positive balance relative 
efficiency of proteins for milk production cannot be determined. 
The composition of the rations used is shown in Table IT. 


TABLE II. 


Composition of Rations. 





Digestible 
protein. 
Nutritive 
ratio. 


Weight. Nitrogen. | Total N. |Production. 





Gluten feed ration. 





Corn stover 
Corn silage 
Oe 


per cent 
0.62 
0.36 
1.30 


3.90 
0.08 


gm. 

29.96 
42.00 
56. 06 


88.53 
0.36 


2 lbs. diges- 
tible pro- 
tein. 

















216.91 








Distiller’s grains (Ajax) ration. 





Corn stover 

Corn silage........... 
Corn meal 

Distiller’s grains. .... 
I ns vse Gwne es 


11. 
23. 


29.96 
42.00 
56. 06 
90.37 
0.61 





is sae xu i viesees 











219.00 
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TABLE Il—Concluded. 














Digestible 


Weight. Nitrogen. | Total N. |Production. i. 
ratio. 















Oil meal ration. 









































orn etover.......... 1.0 0.62 29.96 2.91 
Corn silage...........| 23.5 0.36 42.00 3.33 
Ee ee 9.5 1.30 56.06 8.43 
WE S356 con oo oas 3.5 5.39 85.64 2.76 
is wdc at's elias 3 0.08 0.84 2.3! 
an PRM EAL: baa ae 214.50 











Casein ration. 








































Corn stover.......... 11.0 0.62 29.96 2.91 ; 
Corn silage...........| 23.5 0.36 42.00 3.33 
Corn meal............| 9.5 1.30 56.06 8.43 
Eek a ne 1.65 11.59 86.81 1.65 ; 
See ee 0.08 4. . 
lites cd cdew een 216.28 































milk ration. 




























Corn stover.......... s 0.6: 29.96 2.91 
Corn silage........... 23.5 0.36 42.00 3.33 
a ee 9.5 1.30 56.06 8.43 
Milk powder.......... 3.1 6.00 84.42 3.10 
BI 2 de vcedaueions .§ 0.08 0.90 2.50 
in I Core By 213.34 20.27 



























The rations were approximately identical in content of total 
protein and therms. The net energy available conformed closely | 
to Armsby’s standard of 7 therms for maintenance and 0.3 therm | 
for each pound of milk produced by a*1,000 pound cow. These 
animals had an initial weight of 1,090, 1,085, and 1,120 pounds 
respectively, and produced daily about 40 pounds of milk. The 
rations contained approximately 2 pounds of digestible proteins, 
50 per cent of which came from the particular concentrate under 
investigation. 
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In Tables III, IV, and V are recorded the nitrogen balances 
and the nitrogen elaboration in the milk by weekly periods. The 
figures represent the intake and outgo for the total 7 days. 


TABLE III. 


Record of Nitrogen Balance, Milk Nitrogen, Etc., in Gm. 
Animal 1. Holstein. 





N N N N N 
intake. feces. absorbed. urine. milk. balance. 





Gluten feed ration. 





1,316 668 658 
1,316 692 624 
1,316 673 643 


1,316 | 677 639 




















Oil meal ration. 





1,307 598 709 230 
1,307 521 786 297 
1,307 550 757 304 
1,307 605 702 255 























Distiller’s grains (Ajax) ration. 





1,326 672 654 271 
1,326 694 632 252 
1,326 689 637 271 
1,326 621 705 247 























Casein ration. 





1,316 587 729 302 462 —35 
1,316 607 709 325 467 — 83 
1,316 594 303 443 —24 
1,316 630 686 301 469 — 84 























In addition to the tables, charts are added showing the positive 
or negative nitrogen balance with the rations and the grams of 
nitrogen produced in the milk. 

A survey of the data presented indicates the inferiority of the 
gluten feed proteins as supplements to corn plant proteins when 
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compared with any of the other concentrates used. A negative 
nitrogen balance prevailed with all animals on all the rations with 
the exception of two periods on skim milk feeding, when a slight 
positive balance was recorded. But with all the animals the 








TABLE IV. 


Record of Nitrogen Balance, Milk Nitrogen, Etc., in Gm. 
Animal 2. Holstein. 












N 


N } 
balance. 


milk. 





N 


N I 
urine. 


h N 
intake. 


feces. 






N 
absorbed. 


























Gluten feed ration. 















790 
755 
588 


819 
624 
530 


1,379 349 612 — 337 




















Oil meal ration. 





















Ba aches 1.306 598 708 
ee ad ESET IEEE 1,306 580 726 295 528 —97 
Ty EUR bs ow hS 1,306 553 753 278 536 —61 
Pt AM s 9:56 ete 1,306 571 735 296 534 —95 
Get bak oe 1,306 562 744 276 523 —55 




































Distiller’s grains (Ajax) ration. 





















esac 1,326 | 619 707 243 500 

Wes, OOS... «55... 1,326 | 706 620 240 498 | —118 
Ro 1,326 | 689 637 233 480 | — 76 
aggre y 1,326 | 662 664 248 457 | — 41 



































Casein 


ration. 












































Feb. 27—Mar, 4....... 1,316 596 720 295 498 —73 
Mar. 5-11...........| 1,316 | 587 729 302 474 —47 
eS cas. coe ae 586 730 291 448 -—9 
PY PI sis css cas 940 333 507 239 346 +22 















negative balance was very much larger with the gluten feed ration 
than with any of the other concentrates. With practically the 

same intake of nitrogen the gluten feed period would invariably | 
show a much larger total output of nitrogen in the urine than dur- ) 
ing an oil meal or Ajax period. The same is generally true when | 
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only absorbed nitrogen is considered. For example, Animal 2 
during the 3 weeks on gluten feed absorbed 1,974 gm. of nitrogen 
and excreted 1,040 gm. in the urine, while during a like period on 
oil meal it absorbed 2,187 and excreted 865 gm. and on distiller’s 


TABLE V. 
Record of Nitrogen Balance, Milk Nitrogen, Etc., in Gm. 
Animal 8.. Holstein. 





N } N | N N N 
intake. feces. absorbed. | urine. milk. balance. 
| 





Oil meal ration. 





Rosy 0+ 40h 1,452 627 825 
SE ae 1,452 792 
1,452 652 800 
1,452 647 805 























Gluten feed ration. 





1,436 640 796 356 
ores ees 1,436 699 737 348 
1,436 ‘ 701 388 
1,436 769 393 


























Distiller‘s grains (Ajax) ration. 





ae eer 1,473 776 697 327 
ee ey 1,473 791 682 292 
Pde 06 ta «te 1,473 781 692 334 
See ape 1,473 691 682 337 


Se ee eM eee es 
Re et a aaa oie ae 


Basth 




















Milk powder ration. 





a a Se cntaceeaai é, Caen ay ene eee a 
. ' Ms eytenekiy 2 ™ " Buea es 7 
ilies eat SOR Ae Nas Ss Sa lS ar BS 


1,306 612 694 285 — 4 
Saha 94 bial 1,316 578 738 294 +10 
1,316 517 799 308 +63 


ekasbissia estates ves 





Perpaen v Tomeam ch gets 


grains absorbed 1,964 gm. and excreted 716 gm. The absorbed 
nitrogen was not being used as efficiently during the gluten feed 
periods as it was during the periods of the other concentrates. 

There was much less difference between the utilization of the tH 
proteins of oil meal and distiller’s grains than between gluten : ; 
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Cuart 1. Animal 1. Showing the nitrogen balances with different 
sources of protein and the milk nitrogen production. 


Cuart 2. Animal 2. Showing the nitrogen balances with the different 
sources of protein and the milk nitrogen production. 
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CuHart 3. Animal 3. Showing the nitrogen balances with the different 
sources of protein and the milk nitrogen production. Attention should be 
called to the high production of milk nitrogen and positive nitrogen balance 
with the proteins from milk powder. 


feed and oil meal or distiller’s grains. Since the distiller’s grains 
were derived from corn and include the embryo it is necessary to 
attribute to the proteins of the embryo of this grain a high ef- 
ficiency. It was surprising to note how close an approach to ni- 
trogen maintenance could be made with oil meal or distiller’s 
grains and yet keep the nutritive ratio 1:8. While this ration did 
not accomplish this, yet the milk powder ration used in the same 
ratio did. We are not contending that the widest nutritive ratio 
compatible with nitrogen equilibrium subserves the best physio- 
logical status of these producing animals, but our data do show a 
large inequality in protein concentrates for the nitrogen main- 
tenance of milking animals. Whether that quantity of proteins 
just sufficient for maintenance and milk production is the physio- 
logical quantity, or whether a liberal excess with its specific dynam- 
ic properties meets the needs best, involves again the much dis- 
cussed but unsettled question of protein minimum. 
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Conforming with our earlier studies, these data again reveal ) 
the marked effect of the forces of maternity in maintaining milk 
production at a very high level and for a very long time although 
the animals were in negative nitrogen balance for practically 16 ) 
weeks. Their initial live weights were 1,090, 1,085, and 1,120 
pounds respectively, while their weights at the time of termina- 
ting the experiment were 1,023, 1,008, and 1,038 pounds. Live 
weight had not greatly decreased, although the animals plainly 
showed emaciation and partial depletion of muscular tissue. 

It should be made clear, however, that there was a gradual 
falling off in the total quantity of protein elaborated in the milk, 
as well as a slight lowering in the solids not fat and in the fat, as 
the negative nitrogen balance continued. The volume of milk 
also shrank slightly after prolonged negative balance, but yet 
was remarkably sustained for a period of 2 months. 

To show these effects the composition and volume of the milk 
secreted by the several animals at different periods of observation 
are given in Table VI. 
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TABLE VI. 





Showing the Tendency of the Milk to Become Poorer as the Animals Continued 
in Negative Nitrogen Balance. 

















ae Dec. 12. | Jan. 9. Feb. 6. | Mar. 12. | 

1 |Total solids, per cent..... 11.9 11.2 10.7 | 10.7 | 

Fat, per cent. ............ 3.3 3.0 2.6 | 2.6 ; 

Nitrogen, per cent........ 0.48 0.40 0.37 | 0.43 | 

Daily lbs. milk............| 48.0 43 .0 42.0 | 35.0 

: 

2  |Total solids, per cent... .. 12.1 11.1 11.7 11.3 

| ree 3.7 3.0 3.5 3.1 
Nitrogen, per cent........ 0.45 0.39 0.38 0.41 
Daily lbs. milk............| 48.0 43.0 43.0 35.0 
Total solids, per cent..... 11.7 11.3 11.9 10.7 
Fat, per cent.............. 3.2 3.0 3.2 3.1 
Nitrogen, per cent........ 0.43 0,40 0.4 0.42 
Daily lbs. milk............| 48.0 38 .0 37.0 30.0 
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Efficiency of Concentrates Compared. 


Any attempt to compare the efficiency of these protein concen- 
trates for milk production must not only involve the quantity of 
protein secreted in the milk, but also the quantity of protein 
catabolized or stored during the periods of observation. Ona 
negative nitrogen balance the supplementing effect of catabolizing 
tissue will probably raise the efficiency above its real value and 
thereby make a given concentrate appear of greater worth for 
milk production than for growth. This is inherent in the method 
of calculation and experimentation and we recognize the error 
introduced. 

For purposes of making definite comparisons, however, we have 
calculated the percentage of efficiency for the various materials 
used on the basis of absorbed nitrogen, tissue anabolized or catab- 
olized, and milk proteins produced. Manifestly the absorbed 
nitrogen should be used in the calculation rather than the total 
nitrogen ingested. In Table VII these, comparisons are shown. 


TABLE VII. 


Relative Efficiency for Milk Production of the Proteins of Gluten Feed, Dis- 
tiller’s Grains, Oil Meal, Casein, and Skim Milk Powder. 





N in milk 

+tissue. : 
N formed or Efficiency. 
destroyed. 


N 
absorbed. 





gm. per cent 


1,145 44 
1,868 63 
1,577 60 
1,615 56 


Gluten feed......... 
Oil meal 

Distiller’s grains.... 
Casein 


Dec. 5—Jan. 1 

Jan. 2-29...... 
“ 30-Feb. 26 

Feb. 27—Mar. 25 





Gluten feed 924 46 
Oil meal 2,229 60 
Distiller’s grains... . 63 

61 


Casein 


Dec. 5—Dec. 25 

“ 26-Jan. 29 
Jan. 30-Feb. 26 
Feb. 27—Mar. 25 


1,664 
1,659 





1,749 60 
1,418 46 


Oil meal 
Gluten feed 


Dec. 5-Jan. 1 
Jan. 2-Jan. 29 





“  30-Feb. 26 
Feb. 27—Mar. 18 





Distiller’s grains .... 


Milk powder 








1,563 
1,344 





56 
60 
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The average percentage of efficiency with the three animals 
was, on gluten feed 45, oil meal 61, distiller’s grains 60, casein 59, 
and for the single individual on milk powder 60. There was a 
close and constant agreement among the different individuals re- 
ceiving the same ration. With the rations used, gluten feed showed 
a comparatively low efficiency. The other materials ranged about 
15 per cent higher and were in close agreement with each other. 
Chart 4 illustrates these differences and imcludes the data col- 
lected last year for the proteins of the wheat grain (wheat meal 
and wheat gluten), corn grain (corn meal and gluten feed), and 












SOURCE OF PROTEIN 
1 


GLUTEN OL 
PER centr] CORN WHEAT MILK FEED MEAL GRAINS | CASEIN MILK 







or 
EFFICIENCY 










Cuart 4. This chart illustrates the comparative efficiency for milk 
production of the proteins from the concentrates indicated. In 1915 the 
corn ration derived its concentrate from gluten feed and the wheat ration 
from wheat gluten. 










milk powder supplementing corn stover. It should, of course, be 
borne in mind that the efficiency of a protein mixture will depend 
upon the source and proportion of the feeds constituting that 
mixture. For that reason permanently fixed percentages will prob- R 
ably be impossible for any concentrate. Their efficiency in any 
other mixture may be in the order determined by these experi- 
ments, but that can only be known definitely when more experi- 
ments are available. For example, gluten feed may or may not 
have the same percentage efficiency when clover hay forms the 
roughage. Attention should be called to the very high percent- 
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age of utilization in this mixture of the proteins of oil meal and dis- 
tiller’s grains and their favorable comparison with casein and 
skim milk powder, which is taken as representing the maximum 
attainable. This high efficiency is partly due no doubt to the 
additional supplementing they received from the catabolizing tis- 
sue of the animal, made necessary by a negative nitrogen balance, 
and would account for the higher utilization such a mixture 
showed when compared with the utilization during growth. For 
example, Professor McCollum? has found that on a mixture of 
75 per cent of corn proteins and 25 per cent of oil meal proteins 
a pig will show a retention of approximately 40 per cent of the 
nitrogen of the ration, while 60 to 65 per cent of milk protein 
nitrogen will be retained on the same level of protein feeding; yet 
it should be clear that these proteins of oil meal and distiller’s 
grains are superior, in the mixture used, to those from gluten feed, 
which likewise had available the supplementing amino-acids of 
catabolizing tissue. 


SUMMARY. 


Data are presented on the comparative value for milk produc- 
tion of the proteins of gluten feed, oil meal, distiller’s grains, 
casein, and skim milk powder. 

These concentrates furnished 50 per cent of the total digestible 
proteins of the ration and were used to supplement a basal ration 
of corn stover, corn silage, and corn meal. The total protein in- 
take constituted about 10 per cent of the dry matter of the ration 
and the nutritive ratio was approximately 1: 8. 

With a daily production of 40 to 45 pounds of milk carrying 
10 to 12 per cent of total solids, negative nitrogen balance per- 
sisted throughout the experiment of 16 weeks’ duration. Only 
during the period of skim milk powder feeding was one of the 
animals storing nitrogen. In spite of this long negative balance 
milk secretion continued at the expense of catabolizing tissue. 
The total yield and total solids of the milk declined slightly after 
2 months of continuous negative nitrogen balance. 

There was a marked difference in the utilization of the concen- 
trates; gluten feed showed a percentage efficiency of 45, oil meal 


2 Unpublished data from this laboratory. 
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61, distiller’s grains 60, casein 59, and skim milk powder 60. 
These data represent the efficiency in the mixture used. 

Possible errors in calculation may arise from the supplementing 
effect of the catabolizing tissue, thereby raising the figures above 
their true value, but nevertheless they do have comparative 
worth. Other roughages will be used in a further study of this 
problem. 

These studies furnish additional evidence that the nutritive 
ratio or plane of protein intake for milk production may vary 
according to the nature of the concentrates and basal ration used. 
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INTRODUCTION. 






When the investigations on the colorimetric method for the 
determination of nitrogen were begun in: this laboratory some | 
years ago it was hoped that it would be possible to Nesslerize ‘ 
directly the ammonia produced by the destructive digestion of 
the urine with sulfuric acid and catalyzers.'' No satisfactory 
solution of this problem was found, and aeration, which had 
proved so useful in Folin’s method for the determination of 
ammonia in urine, was adopted for the preliminary removal of 
the ammonia from the digestion mixtures. 

The removal of the ammonia as a feature of the method was 
only tentatively adopted, and we have never entirely given up 













1 Folin, O., and Farmer, C. J., J. Biol. Chem., 1912, xi, 493. 
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the hope of’ finding a practical way of eliminating this step. In 
the meantime others have made attempts to solve this problem. 
Gulick,? Bock and Benedict,? and Taylor* have described proced- 
ures for directly Nesslerizing the digestion mixtures. The chief 
obstacle in the way of direct Nesslerization is, however, the pres- 
ence of large amounts of sulfates, which leads to precipitation of 
the colored mercury ammonium compound used for the color 
comparison. Folin and Farmer adopted sulfuric acid and po- 
tassium sulfate for the destructive digestion of the urine, but did 
so only after they had decided to give up the direct Nessleriza- 
tion of the digestion mixture. The other authors named above 
have made use of essentially the same digestion mixture as Folin 
and Farmer, and have therefore been working under the least 
favorable conditions from the standpoint of direct Nessleriza- 
tion. We have now attacked the problem in another way and 
believe that we have found an almost ideal method for the colori- 
metric estimation of total nitrogen in urine by direct Nessleriza- 
tion of the digestion mixtures. 


The Destructive Digestion of Urine. 


The starting point of our investigation was the discovery that 
phosphates interfere very little, if at all, certainly much less 
than sulfates, with the Nesslerization of ammonia. This dis- 
covery virtually solved the problem, for it has long been known 
that mixtures of sulfuric acid and phosphoric acid are very ef- 
fective in connection with destructive digestions of nitrogenous 
materials. The proportion of phosphoric acid heretofore used 
for the purpose is, however, rather small (one part of phosphoric 
anhydride to five of sulfuric acid) in comparison with the pro- 
portions which we wished to use and can use in micro digestions. 
In ordinary long macro digestions the usefulness of phosphoric 
acid as an accessory catalyzer is limited by the fact that at very 
high temperatures the digestion flasks are speedily and com- 
pletely corroded by the non-volatile phosphoric acid. Even 
pure silica ware is attacked above 400° C. by phosphoric acid. 


* Gulick, A., J. Biol. Chem., 1914, xviii, 541. 
3 Bock, J. C., and Benedict, 8S. R., J. Biol. Chem., 1915, xx, 52. 
4 Taylor, A. E., and Hulton, F., J. Biol. Chem., 1915, xxii, 63. 
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The rapid etching of the glass by phosphoric acid is by no means 
avoided even in our micro digestion, and this somewhat unfor- 
tunate feature we have had to accept. This drawback is, how- 
ever, a small one in comparison with the many advantages gained. 
We employ ordinary phosphoric acid “‘syrup”’ (containing about 
83 per cent H;PO,), and have tried various proportions between 
five volumes of phosphoric acid to one of sulfuric acid and one 
of phosphoric acid to two of sulfuric acid. In each case we use 
l-ee. of the acid mixture for the digestion, so that the amount of 
sulfuric acid used has varied between two-thirds and one-sixth 
of 1 ce. 

The larger the proportion of phosphoric acid the more rapid 
is the digestion (in the absence of other catalyzers) and the easier 
is it to Nesslerize the ammonia produced without getting tur- 
bidity. But the larger the proportion of phosphoric acid the 
more rapid is the action on glass. The silica thus liberated forms 
a heavy, conspicuous sediment in the digestion mixture. This 
sediment does not interfere with the Nesslerization of the am- 
monia, but it must be removed before the color comparison is 
made. We remove it by help of a centrifuge from a small por- 
tion of the Nesslerized solution. It can also be removed by filter- 
ing through small plugs of cotton, but not through paper, be- 
cause paper absorbs a part of the coloring matter. Because of 
the formation of silica from the glass we usually prefer to use 
test-tubes of silica. The phosphoric-sulfuric acid mixtures 
mentioned attack silica test-tubes to such a slight degree that 
unless the digestion is continued unnecessarily long, clear solu- 
tions are obtained from the digestion mixtures and one operation, 
namely the removal of the silica, is saved. The chief draw- 
back to the use of silica tubes is their initial cost, though they 
seem to last indefinitely, except for mechanical breakage. Also 
the heavy ‘“semitransparent’”’ tubes which we use are rather 
opaque so that the progress of the digestion is less readily ob- 
served than when glass tubes are used. The light foam formed 
during the early stages of the digestion can scarcely be seen 
through these tubes, and careful watching is necessary to keep 
the contents from foaming out of the tube. 

Hard glass test-tubes of rather large size (200 mm. X 13 to 
15) are preferable to small ones. These tubes will last longer if 
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the bottom is somewhat thickened by heating over a hot flame. 
This operation does not take more than 2 or 3 minutes, and the 
pear-shaped bottom of the tubes obtained is rather an advantage 
because of the small total volume of the digestive mixture. It 
is, however, not at all essential that the form of the test-tubes 
be thus altered. 

In the course of our endeavors to determine which acid mix- 
ture, if any, is the most suitable for use with glass tubes we have 
found that a little copper sulfate added as an accessory catalyzer 
greatly accelerates the speed of the digestion and thereby also 
reduces the corroding action on the glass tubes. The catalytic 
effect of the copper on the destructive digestion is not equally 
striking with all mixtures of phosphoric and sulfuric acid. With 
the mixture 5:1 the digestion is scarcely, if at all, hastened by 
the addition of copper. 

The following protocol may be cited to indicate the course 
of the destructive digestion on urine. A sample of urine of 
rather more than average resistance was diluted so that 1 cc. 
contained 1.5 mg. nitrogen. Two small drops (;'5 cc.) of 10 
per cent copper sulfate were used in each digestion, and the diges- 
tions were as nearly similar with respect to heat as possible. 
The digestion time was counted from the first appearance of 
white sulfuric acid fumes in the tubes. 





H3PO, H2S0O4 Digestion time. 





min. 
30 
25 
9 
2.5 
2.5 
3 











From the results noted above it would seem that a mixture 
containing two or three volumes of phosphoric acid to one of 
sulfuric acid is most suitable for the destructive digestion of 
urine. Since the action on the glass in each case is small, and 
since phosphates are to be preferred to sulfates from the stand- 
point of Nesslerization, the mixture having the higher proportion 
of phosphoric acid (3:1) is on the whole to be preferred. 
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The use of copper sulfate as a catalyzer in digestion mixtures 
which are to be Nesslerized may seem a doubtful expedient. 
So long as we worked with silica test-tubes there was no need 
for any accessory catalyzer and we did not try the effect of cop- 
per; but, in connection with test-tubes of glass, it did seem im- 
portant to reduce the corrosion by shortening the digestion 
period, and it was thought that the added copper would be re- 
moved as copper phosphate together with the silica during the 
centrifuging process. In the presence of phosphates, however, 
copper in small amounts is dissolved by sodic hydrate so that 
the presence of the copper does not interfere with the final Ness- 
lerization of the digestion mixtures. This valuable accessory 
catalyzer can therefore be used, and is added to the standard 
as well as to the digestion mixtures. 

As to the amount of copper sulfate needed, we find that ;'s 
of 1 ec. of a 10 per cent solution is enough (7.e., two drops from 
a 1 ce. pipette which delivers 29 to 30 drops when emptied). 
It is a curious fact that the difference between the effect on the 
digestion of one such small drop and two drops of copper sulfate 
is almost as great as that between one drop and none. With 
one drop the digestion time with one highly resistant urine was 
about 10 minutes; with two drops it sank to less than 3 minutes 
(with the acid mixture 3:1). 

The final color of the digestion mixture when copper sulfate 
is added in the proportions indicated is sometimes a light straw 
yellow or green instead of blue, particularly in the case of urines 
containing much carbonaceous matter. A similar phenomenon 
is obtained when “too much copper”’ is used in connection with 
ordinary macro Kjeldahl digestions. The current view that copper 
sulfate functions as a self-regenerating catalyzer in relation to the 
oxidations accompanying the Kjeldahl digestion is rather nega- 
tived by this phenomenon, for if such self-regeneration occurred, 
the original blue color of cupric sulfate should come back toward 
the end of the digestion, or at least upon adding water. This 
does not happen. If our interpretation is correct, it would ex- 
plain why two drops of copper sulfate proved so much more 
effective than one drop in the experiment recorded above. The 
one drop may not have yielded enough oxygen for the organic 
matter present, and the remainder had therefore to be oxidized 
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by the sulfuric acid alone. We have tried other catalyzers be- 
sides copper sulfate, but have come to the conclusion that copper 
sulfate is probably, on the whole, the most serviceable. Ferric 
chloride is fully as effective as copper sulfate; salts of cadmium, 
uranium, and manganese are about as good; mercury is better. 
But from the standpoint of the subsequent Nesslerization we 
have found these catalyzers to be less desirable than the copper 
sulfate. 

Nothing is gained by a too speedy oxidation of the carbonaceous 
materials because there is no evidence showing that the hydrolytic 
removal of nitrogen as ammonia is equally accelerated and the 
digestion must anyhow be continued for at least 2 minutes. 


Nessler’s Reagent. 


In almost every text-book describing Nessler’s reagent is found 
the somewhat discouraging statement that the solution ‘improves 
with age;”’ that is, the older the reagent, up to one or more years, 
the more likely it is to give crystal-clear solutions instead of 
turbid ones, when added to ammonia. We are inclined to believe 
that in so far as any such improvement does occur it is due to a 
reduction of the alkalinity of the solutions by virtue of a gradual . 
absorption of carbon dioxide from the air. For we have satis- 
fied ourselves that the chief, if not the only, cause of the tur- 
bidity is the excessive alkali content of the reagent (usually 20 
per cent caustic potash). The presence of free hydroxide in 
amount almost equal to that added with Nessler’s reagent is 
necessary for the development of a deep color with ammonia, 
but a slightly excessive concentration of alkali at once precipi- 
tates the colloidal colored ammonia compound. When the 
Nessler reagent is added to the ammonium solution, local zones 
of excessive alkalinity occur and coagulate a part of the solution. 
With experience and dexterity in the mixing of the two solutions 
the cloudiness can be diminished, and sometimes entirely pre- 
vented, except when the amount of ammonia present is large 
(more than 1 mg. of ammonia nitrogen per 100 cc. of solution). 
The reason for the remarkable improvement in the | efficiency 
of Nessler’s reagent which Folin and Farmer obtained by diluting 
it with several volumes of water immediately before adding it 
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to the ammonia solutions is therefore clear. The preliminary 
dilution prevents the presence of excessive alkalinity in any part 
of the mixture. 

Since a certain considerable concentration of alkali is necessary 
for the development of the color in the Nesslerization process and 
since even a momentary excessive concentration of alkali in 
any part of the Nesslerized mixture ruins the determination, the 
practice of adding all the needed alkali in the form of undiluted 
Nessler’s reagent is manifestly faulty. The preliminary dilution 
of the reagent has one drawback; unless the reagent is added 
almost immediately (within a few minutes) the diluted reagent 
decomposes and becomes unfit for use. Because of these flaws 
in the Nesslerization process we have made some radical changes 
in the formula for the preparation of the reagent. 

Aside from its excessive alkali concentration Nessler’s reagent 
contains too little potassium iodide. It is quite true that too 
much potassium iodide destroys the value of the reagent so that 
it gives little or no color with atnmonia, and this fact is evidently 
the reason why the minimum amount of potassium iodide capable 
of holding the mercuric iodide in solution came to be adopted. 
There is a very wide margin, however, between the minimum 
amount and the amount which materially lessens the efficiency 
of the solution. 

Mercuric potassium iodide, HgI.2KI, is a definite commer- 
cial product the aqueous solutions of which can be diluted to a 
concentration of 5 or 6 per cent before it begins to decompose 
and set free the insoluble mercuric iodide. A solution of this 
neutral salt gives good Nesslerization results when added to 
ammonia solutions containing sodium or potassium hydroxide. 
Much better results are, however, obtained when a part of the 
needed alkali is present in the double iodide solution. 

The preparation of this mercuric potassium iodide solution 
is very much easier than the preparation of ordinary Nessler’s 
reagent, and the solution makes an excellent stock solution for 
Nessler’s reagents of any desired degree of alkalinity. To pre- 
pare the double iodide solution dissolve approximately 75 gm. 
of potassium iodide in 50 cc. of warm water, add 100 gm. of 
mercuric iodide, and stir. 

The solution is complete in a few minutes, but probably be- 
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cause of impurities in the mercuric iodide it is usually not per- 
fectly clear. Dilute with water (400 to 500 cc.), filter, and 
make the filtrate up to a volume of 1 liter. 

For the direct Nesslerization of the digestion mixtures with 
which we are dealing in the present paper, we prefer a Nessler 
reagent containing about 2 per cent of sodium hydroxide. To 
300 ec. of the double iodide solution add 200 cc. of 10 per cent 
sodium hydroxide, 500 cc. of water, and mix. 15 ce. of this 
modified Nessler reagent rapidly added from a measuring cylinder 
will yield crystal-clear mixtures with as large amounts of ammonia 
as are involved in our colorimetric nitrogen determinations 
(0.7 to 1.6 mg. ammonia nitrogen). 


It will be noted that sodium hydroxide, instead of potassium hydroxide, 
is used in the preparation of our Nessler’s reagent. Potassium hydroxide 
is doubtless equally good for the purpose, but it is no better and is more 
expensive. A faultless 10 per cent caustic soda for Nessler’s reagent can 
be prepared as follows from the technical caustic soda used in Kjeldahl 
distillations: A 

Prepare a 45 per cent caustic soda solution by the addition of 10 pounds 
(4.5 kilos) of the caustic soda powder to 7 liters of water, and let stand 
for 2 or 3 days in order to let the carbonate and sulfate settle out. Dilute 
the clear supernatant solution to the desired concentration (10 per cent). 
Let stand for 24 hours and filter from the oxides of iron; or let the solution 
stand in well closed bottles for several days and remove the clear super- 
natant solution by means of a siphon. 


Neutralization of the Digestion Mixture. 


The depth of color which Nessler’s reagent produces with a 
given amount of ammonia depends, as already indicated, to a 
very large extent on the degree of alkalinity prevailing in the 
mixture. Free hydroxide is necessary to produce any color at 
all in the solution, and the more hydroxide is present the deeper 
becomes the color. The concentration of free alkali permissible 
is, on the other hand, rather sharply limited by the formation 
of turbid or “smoky”’ instead of crystal-clear solutions. The 
amount of alkali required to neutralize the acid digestion mix- 
ture and to give a suitable degree of alkalinity must therefore 
be determined with some care and, of course, must be substan- 
tially the same as that in the ammonia solution which is to be 
used as a standard. Proper attention to this detail is absolutely 
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essential for correct results. The free alkali in the unknown 
urine digestion mixture and the standard should agree to within 
0.5 cc. of 10 per cent sodic hydrate. 

For reasons which will be given later it is better when work- 
ing with urine to dilute the final Nesslerized solution to 200 ce. 
instead of to 100 cc., as is done in the original method. In this 
volume (200 cc.) there should be 2 or 3 cc. of free 10 per cent sodic 
hydrate in addition to the alkali added in the form of our Nessler 
reagent. It is possible to secure perfectly clear solutions when 
as much as 6 or 7 cc. of alkali has been added, but the danger 
of getting “smoky” mixtures is then so great and the increase in 
color due to such larger concentration of alkali is so small that 
it is much better to use the smaller excess of alkaliindicated. To 
secure this excess of alkali with a sufficient degree of uniformity 
is not particularly difficult, but there are several factors to 
be taken into account. The phosphoric-sulfuric acid mixture 
is slightly viscous; unless it is measured out in a reasonably uni- 
form manner (7.e., as to the length of time the delivery pipette 
is allowed to drain) the variations in the amount of acid present 
may be considerable. The amount of acid so delivered must be 
titrated with the alkali, and with phenolphthalein as indicator, 
and due account must be taken of the fact that one-third of the 
base-absorbing power of the phosphoric acid is not included in 
the titration value. For example, 1 cc. of our phosphoric-sul- 
furic acid mixture (5:1) required from 12.6 to 12.8 cc. of 10 
per cent sodic hydrate to yield a faint yet unmistakable pink 
color with the phenolphthalein. Since about five-sixths of this 
acidity (or 10.6 cc.) was due to the phosphoric acid, 12.7 + 5.3 
cc. or 18 cc. were required for the neutralization of the acid. To 
get a surplus of 2 cc. of 10 per cent alkali required therefore the 
addition of 20 cc. of the 10 per cent sodic hydrate. A certain 
amount of sulfuric acid is lost during the digestion. This loss 
is slightly larger when working with (15 cm.) silica test-tubes 
than when hard glass test-tubes (190 mm. X 15 mm.) were em- 
ployed. In the latter case the appearance of the sulfuric acid 
fumes becomes unmistakable before the fumes begin to escape 
at the top and it is-accordingly much easier to regulate the flame 
so as to reduce the loss of acid fumes. The losses incurred are 
equivalent to from 0.1 to 0.3 cc. 10 per cent sodic hydrate and 
are negligible. 
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In this connection it may be noted that the destructive diges- 
tion of the urine is conducted in test-tubes the mouths of which 
are closed with watch-glasses as soon as the white sulfuric acid 
fumes make their appearance. While this is done primarily 
to prevent the loss of acid the analytical process is thereby further 
simplified since hoods or fume absorbers are no longer needed. 


In thus virtually eliminating the loss of sulfuric acid fumes we are also 
eliminating all danger of losing ammonia together with those fumes. We 
are convinced that this danger is a real one, that both in macro and in 
micro Kjeldahl digestions with sulfuric acid losses of ammonia do occur 
because of excessive or unduly prolonged digestions. We have often en- 
countered such losses in the difficult micro digestions involved in deter- 
mining the non-protein nitrogen of blood and have met with similar losses 
in ordinary Kjeldahl digestions of urine. The practice, still fairly common, 
of digesting urine for 2} to 3 hours with sulfuric acid plus 20 gm. of potas- 
sium sulfate and catalyzer not infrequently yields less ammonia than is 
obtained by 45 minutes’ digestion with 5 gm. potassium sulfate together 
with sulfuric acid and catalyzer. 


The following practical working formulas for the neutraliza- 
tion of the acid and for securing proper alkalinity for the Nessleri- 
zation may prove useful. 





HsPO. H2S0, 10 per cent alkali required. 





17/12 of the titrating value + 2 cc. 

11/8 “ ““ “ “<c + 2 “ 
4/3 “ ““ “ ““ oo 2 “ 
5/4 “ “ “ ““ a 2 “ 











In the above formulas concentrated sulfuric acid and the 
concentrated (83 per cent) phosphoric acid are assumed to have, 
volume for volume, equal titrating values. This is not strictly 
correct; 29 ec. of our sulfuric acid had the same titrating value 
as 33 cc.of the phosphoric acid; but the discrepancy is immaterial. 

The concentrated phosphoric acid used with sulfuric acid for 
the destructive digestion of urine contains only one somewhat 
disturbing impurity, namely calcium. Practically all of this cal- 
cium is, however, precipitated as sulfate when the phosphoric 
acid is mixed with concentrated sulfuric acid. The mixed acids 











O. Folin and W. Denis 483 









are allowed to stand over night, and the mixture is then filtered 
through an asbestos mat on a Buchner funnel. The asbestos 
mat is kept in place for this filtration by a layer of pebbles. 







Dilution of the Digestion Mixture. 





By our Nesslerization process ammonia equivalent to 1 mg. 
of nitrogen can be Nesslerized in a volume of 100 ec., notwith- 
standing the large amounts of salts formed by neutralization of 
the digestion mixture. The whole operation becomes easier if 
200 or 250 cc. flasks are used. The rinsing of the digestion mix- 
ture into the flask is easier because one can use more water. 
Because of the larger volume of water, the heat developed on 
adding the alkali produces very little rise in temperature (only 
5-7°C.) and it is hardly necessary to cool the mixtures before 7 
Nesslerizing. The chief reason why we prefer the larger volu- , 
metric flasks is, however, that with these larger volumes as much 
as 2 or 3 mg: of ammonia nitrogen will give just as perfect Ness- t 
lerizations as 1 mg.; and it often happens that 1 ec. of diluted | 
urine does give as much as 1.5 or 1.6 mg. of nitrogen. 
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Standard Ammonium Sulfate Solution. 






Kahlbaum’s ammonium sulfate, labelled c.p. for analysis, is 
pure and can be used in the preparation of standard ammonium 
sulfate solution. It must be dried, however, either by being 
kept in a desiccator over sulfuric acid for a day or two, or by 
heating at about 110°C. for an hour before being weighed out. 

Pure ammonium sulfate can be prepared from ordinary sul- 
fate by decomposing it with strong sodic hydrate and aspirating 
the liberated ammonia into sulfuric acid. The ammonium 4 
sulfate solution so obtained is precipitated by the addition of 
alcohol, and is then recrystallized two or three times by solution 
in water followed by alcohol precipitation. After the alcohol i 
has evaporated from the last precipitate it is dried in a desiccator. 4 
4.716 gm. of this salt per liter gives a stock solution containing 1 
mg. per cc. To keep out moulds the solution should also be a 
0.2 n solution of sulfuric acid. 20 cc. of our solution prepared 
from a sulfate, -made as indicated above, gave by distillation and 
titration 20.006 mg. N. Ordinary ammonium sulfate cannot 
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be used either on the basis of direct weight or on the basis of 
‘‘ammonia’”’ determinations made by distillation and titration, 
because it contains pyridine bases which distill and titrate like 
ammonia yet do not react with Nessler’s reagent. 

From the stock solution of standard ammonium sulfate we 
prepare by appropriate dilution with water a weaker working 
solution containing 1 mg. of nitrogen per 20 cc. This degree of 
dilution is advantageous because the same solution can also 
be used in connection with blood analysis, when a standard of 
0.25 or 0.5 mg. of nitrogen is more often used than 1 mg. 


The Use of Ostwald Pipettes. 


The modified Ostwald 1 cc. pipettes with which the diluted 
urine is measured should, of course, be calibrated. It is perhaps 
not superfluous to state that these pipettes are drained against 
the sides of the test-tube for 10 seconds and are then blown clean, 
while dragging the pipette against the sides of the tube. Under 
ordinary laboratory conditions the weight of distilled water which 
the pipettes should deliver in order to represent 1 full cc. is 997 mg. 


The Use of the Colorimeter. 


The unavoidable uncertainty inherent in all light color compari- 
sons is of course considerably greater than the uncertainty in- 
volved in titrations of the ammonia obtained in the ordinary 
Kjeldahl method. By proper attention to certain minor details 
in the use of the colorimeter the error involved need never exceed 
1 per cent, and the average results as well as a great many in- 
dividual determinations can become practically perfect. A 
number of points and suggestions bearing on the use of the Du- 
boseq colorimeter have gradually accumulated in this laboratory 
and some of these may prove helpful to others. 

(a) It should be obvious that the zero points on the scales 
of the colorimeter should not be accepted as true zero points 
without verification. - Long has recently called attention to this 
point. The Duboscq colorimeters, as a matter of fact, are very 
seldom accurate with reference to the zero points. We have an 
instrument which is accurate, but it has been obtained by selec- 
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tion of suitable cups from among the large number of cups avail- 
able in this department. 

(b) Another obvious point is that the optical parts of the in- 
strument should be freed from dust. Hardly a single black 
speck should be visible in either field. There are three places 
on the lower part of the instrument which can advantageously 
be made dust-proof by being sealed up with microscope cover 
glasses (and Canada balsam or mucilage). 

(c) Even perfectly clean instruments with mechanically cor- 
rect zero points are not necessarily optically correct. One field 
seems darker than the other no matter how carefully the instru- 
ment is adjusted to the light. In many cases this inequality is 
due to the ageing of the Canada balsam with which the glass 
plate is sealed onto the top of the parallelopipeds inside the colori- 
meter. That plate serves no useful purpose, and we remove it 
by cautious soaking in a very shallow layer of xylol (so as not 
to remove the glass plate on the side as well). 

(d) The apparent inequality of the two fields in the colorimeter 
is in part a physiological phenomenon, for with the same instru- 
ment one observer may find the right field and another the left 
field to be the darker when the two fields should be equal. 

Additional essentials for accurate colorimetric readings are a 
comfortable position and a suitable environment. Most persons 
who do not use an artificial light use the colorimeter directly in 
front of, and near a window, and stand behind the scale side of 
the colorimeter when using it, thus facing the window. ‘This is 
about the worst possible condition, unless the light comes only 
through an opening in a shade covering the window. The eye 
is far less sensitive to variations in light when one has just looked 
at a bright sky or other bright object out of doors. We are under 
the impression that it is easier to make the color comparison from 
the side of the instrument than from behind, and most persons 
will undoubtedly make better readings by sitting in a comfort- 
able position than by standing; for fatigue is fatal to good colori- 
metric readings. By putting the instrument in the middle of 
the laboratory, 7.e., several feet away from the window, on a stool 
of about the same height as an ordinary chair, and sitting down 
(at one side of the instrument instead of behind), long series of 
colorimetric comparisons can be made without fatigue and 
consequent uncertainty. 
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In reading the unknown we never make more than one read- 
ing, and we take this reading after having got the eye adjusted 
to the appearance of the standard solution when both fields should 
look alike. Having adjusted the instrument and determined the 
appearance of the field, we make one or two readings of the 
standard. We then replace the standard in one cup by the un- 
known and take only one careful reading. When making a long 
series of color comparisons we reread the standard against it- 
self after each two of the unknowns. We consider this an essen- 
tial condition, for without thus readjusting the eye the appear- 
ance of equality will gradually shift either up or down. 


Concise Description of the Colorimetric Nitrogen Determination 


(for Urine). 


Solutions and Apparatus Required.—A Nessler reagent con- 
taining 5 to 6 per cent mercuric potasssium iodide, HgI.2KI, 
and 2 per cent sodic hydrate. A standard ammonium sulfate 
solution containing 1 mg. of nitrogen per 20 cc. An approxi- 
mately 10 per cent sodic hydrate solution. A filtered mixture 
of one volume concentrated sulfuric acid (100 cc.) and three 
volumes concentrated (85 per cent) phosphoric acid (300 cc.), 
to which mixture has been added one-fifteenth volume (15 cc.) 
10 per cent copper sulfate (CuSOQ.5H.O) solution. A calibrated 
long stem 1 cc. Ostwald pipette. Hard glass test-tubes (prefer- 
ably 190 mm. X 15 mm.), volumetric flasks (capacity 100 cc. 
and 200 or 250 cc.), microburners, an ordinary 1 cc. pipette for 
measuring the phosphoric-sulfuric acid mixture. A high grade 
colorimeter (Duboseq). — 

Dilute the urine so that 1 cc, contains from ‘0.7 to 1.5 mg. 
nitrogen. Urines having a specific gravity of 1.018 or less should 
be diluted to one in five. Urines having a specific gravity of 
1.030 or over should be diluted to one in twenty. For urines 
having specific gravities between 1.018 and 1.030 a dilution of 
one in ten is appropriate. 

With an Ostwald pipette measure into the test-tube 1 cc. of 
diluted urine. Add (with an ordinary pipette) 1 cc. of phos- 
phoric-sulfurie acid and a fresh quartz pebble, or better, a piece 
of granite to prevent bumping. 


‘ 
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Heat over a microburner, with the bottom of the test-tube 
within 1 cm. of the top of the burner, until nearly all the water 
has been driven off as indicated by the absence of foaming and 
by the appearance of the denser sulfuric acid fumes within the 
test-tube. This should occur in 2 to 5 minutes. Cover the 
‘mouth of the test-tube with a watch-glass and continue the heat- 
ing with a flame so regulated that only a little of the acid fumes 
escape from the test-tube. In 0.5 to 3 minutes, counted from 
the time the test-tube was closed, the digestion should be clear 
and blue, green, or light straw yellow in color. This color is due 
to the copper. Continue the heating for another 30 to 60 seconds. 
(In no case should the total heating time be less than 2 minutes 
after the mouth of the test-tube has been closed). 

Remove the flame and allow the test-tube to cool where it is 
for 2 minutes. Add water, and rinse the contents of the tube 
into a 200 or 250 ce. volumetric flask, using about 150 cc. of water 
for this purpose. Determine the titratable acid content of 1 cc. 
of the phosphoric-sulfuric acid mixture (as délivered by the 1 cc. 
pipette regularly used for measuring the acid). The titration is 
made with 10 per cent sodic hydrate and with phenolphthalein as 
indicator. Add to the diluted digestion mixture 10 per cent sodic 
hydrate in amount equal to 3;' times the titrating value ob- 
tained, plus 2 cc. for alkalinity. It is, of course, most convenient 
to dilute the alkali so that the required amount can be added with 
a pipette. Into another volumetric flask, of the same capacity 
as is used for the digestion mixture, introduce 1 cc. of the con- 
centrated acid mixture and 20 cc. of the standard ammonium 
sulfate solution. Add about 125 cc. of water and then the same 
amount of sodic hydrate as in the case of the unknown. Mix 
well. Then add, ‘with a ‘cylinder, to each flask 15 cc. of our 
dilute Nessler’s solution and mix quickly. Fill to the mark 
with water and mix. Pour out a part of the unknown (as an 
additional precaution against incomplete mixing), and centrifuge, 
or filter, through a small cotton plug, a portion of the remainder 
for the colorimetric comparison. If the sediment obtained is 
mixed with a red deposit the Nesslerization has not been success- 
ful and the determinstion must be discarded. The liquid above 
the sediment (or the filtrate) must be crystal-clear, not the least 
bit “smoky.’”’ Adjust the colorimeter, with the standard set 
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at 20 mm. in both cups, until the two fields are as nearly alike 
as it is possible to get them. Then make two or three color 
comparisons with the standard against itself, and when the re- 
sult is accurate, replace the standard in one of the cups with the 
unknown, and make one leisurely, careful reading. 

In a series of three or more simultaneous nitrogen determina- 
tions it is necessary to let every third color comparison be a com- 
parison of the standard against itself. 


Analytical Results. 


From the following table of urine analyses, by Kjeldahl’s 
method and by our colorimetric method, it will be seen that the 
differences between the two series of results are so small as to be 
of no practical significance. The majority of these determina- 
tions were made by the help of silica test-tubes, but many were 
made simultaneously in silica tubes and in glass test-tubes. The 
Nesslerized solutions obtained from the glass tubes were in some 
cases centrifuged, in others filtered through a little cotton, packed 
into the stem of a funnel. From the standpoint of accuracy 
one procedure is as good as another. 
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Nitrogen in Gm. per Liter of Urine. 





Colorimetric method. | 


























Kjeldahl’s | 
; method. Difference. 
Colorimeter N. | N. 
reading. 
me 25.5 15.68 15.60 | +0.08 
a 31.9 3.14 3.14 0 
3 24.6 8.13 | ae +0.02 
4 24.0 8.34 8.33 | +0.01 
5 16.9 5.91 5.96 —0.05 
6 14.8 13.51 13.54 | —0.03 
7 22.8 4.38 | 4.31 | +0.07 
8 20.1 4.98 4.93 +0.05 
9 20.0 5.00 5.04 | —0.04 
10 16.7 5.98 5.98 | 0 
11 20.5 4.87 4.87 | 0 
12 23.8 8.40 8.26 | +0.14 
13 15.7 6.37 6.48 | —0.11 
14 17.0 5.90 5.88 | +0.02 
15 18.0 5.55 5.58 —0.03 
16 23.2 4.33 4.33 | 0 
17 15.9 6.29 6.30 —0.01 
18 16.8 5.95 6.04 | —0.09 
19 27.0 7.47 7.41 | +0.06 
20 19.9 10.05 10.14 | —0.09 
21 31.0 3.20 3.28 —0.08 
22 16.9 5.91 5.96 | —0.05 
23 28 .6 6.98 6.93 | +0.05 
24 14.4 6.94 6.96 | —0.02 
25 15.4 6.50 6.63 —0.13 
26 13.6 7.35 7.43 —0.08 
27 13.0 7.70 7.65 +0.05 
28 16.0 6.25 6.20 +0.05 
29 17.5 11.43 11.42 +0.01 . 
30 26.3 15.22 15.34 —0.13 
31 15.2 6.57 6.55 +0.02 
32 91.9 9.13 9.04 +0.09 
33 15.9 6.28 6.23 +0.05 
34 14.6 6.85 | 6.91 —0.06 
35 23.8 8.41 8.37 +0.04 
36 15.4 | 6.50 6.58 | —0.08 
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In our original colorimetric method for the determination of 
non-protein nitrogen in blood the protein materials are precipi- 
tated with methyl alcohol and a little zinc chloride. This pre- 
cipitation is not free from possible sources of error. Some nitrog- 
enous lipoids may get into the alcoholic filtrate (Greenwald) ; 
and some nitrogenous materials, such as amino-acids, creatine, 
etc., which should go into the filtrate, may be held back in part 
by the protein precipitate. An additional drawback to this pre- 
cipitation is the presence of ammonia in all but the best and most 
expensive grades of alcohol. The chief drawback to the use of 
alcohol as a precipitant in blood analysis is, however, the fact 
that it dissolves too much fat. The large amount of highly re- 
sistant carbonaceous material, which gets into the alcoholic 
filtrate in the form of fat, makes the subsequent destructive 
digestion of the residue, without loss of ammonium sulfate, a 
distinctly difficult process. If the alcohol is free from ammonia 
(or due allowance made for the alcoholic ammonia) and the ox- 
idation 's made with care, the non-protein nitrogen obtained 
represents substantially the correct value, but it is scarcely to 
be doubted that in the hands of careless or inexperienced 
workers the results obtained will often be low. 

The difficulties arising from the presence of excessive amounts 
of carbon in the alcoholic filtrates are even more serious; in fact 
we consider them practically fatal when phosphoric acid is sub- 
stituted for the greater part of the sulfuric acid in the destructive 
digestion of the blood filtrates. A smooth and rapid digestion 
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is well-nigh indispensable for a high degree of certainty in the 
values obtained by direct Nesslerization of the digestion mixtures. 
We have therefore reluctantly abandoned alcohol as a protein 
precipitant in connection with this determination and have 
endeavored to find some more serviceable reagent. 

The number of blood precipitants capable of fulfilling the 
somewhat rigid requirements of this particular determination 
is not large, and for a time it looked rather doubtful as to whether 
a suitable reagent could be found. All reagents yielding much 
carbon, or nitrogen, or much acid, in the filtrate had to be dis- 
carded. All reagents involving heating are useless, because by 
heat (half an hour in a water bath) the nitrogen of normal blood 
filtrates may be increased to twice the real value. 

In the course of our study of this problem it occurred to us 
that m-phosphorie acid might prove serviceable and peculiarly 
suitable. Since we are using phosphoric acid in large part. for 
our destructive digestion, the presence of phosphates in the fil- 
trates would be no disadvantage. In earlier times m-phosphoric 
acid was frequently used as a precipitant for proteins, but at the 
present time it is seldom employed, except in laboratory exercises 
for students and in technical processes. The m-phosphoric 
acid which we have tried is the common so called “glacial phos- 
phoric acid’ to which is ascribed the formula HPO; .NaPQOs. 
The product is remarkably effective as a precipitant for the blood 
proteins. It is better than colloidal iron and fully as good as 
trichloroacetic acid for this purpose. It yields filtrates which 
are as colorless and clear as water, and which remain clear. These 
filtrates boil in test-tubes practically like water; 7.e., without 
fouming. The excess of m-phosphoric acid required for. complete 
precipitation of the proteins is small; so small, in fact, that no 
allowance need be made for it in connection with the subsequent 
neutralization and Nesslerization of the digestion mixtures. 
The increase in the phosphoric acid content of those mixtures 
due to residual m-phosphoric acid is little if any more than equiva- 
lent to the loss of sulfuric acid fumes which occurs during the 
destructive digestion. The amount of carbon present is also 
insignificant. The complete digestion and oxidation of the resi- 
due is as speedy and complete as the destructive digestion of 
urine, the only difference being that 10 ce. of water, instead of 
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1 cc., must be boiled off before the destructive digestion begins. 
For the preparation of blood filtrates free from proteins and suit- 
able for the determination of the non-protein nitrogen “‘glacial 
phosphoric acid” (m-phosphoric acid) is therefore better, accord- 
ing to our experience, than any other reagent heretofore used 
for this purpose. 

In one particular glacial phosphoric acid falls short of being 
an ideal reagent for the preliminary removal of the blood proteins. 
M-phosphoric acids are not stable in the form of solutions. In 
solutions they gradually change to ordinary (0-) phosphates 
and thus lose their characteristic power of precipitating protein 
materials. This drawback to the use of glacial phosphoric acid 
solutions is not of much consequence, because the material is 
not expensive in comparison with the other blood precipitants 
employed. Adequate recognition of the fact that phosphate 
solutions of unknown age must not be used is, however, absolutely 
indispensable for reliable results. We have not found any definite 
information in the literature as to the speed with which the change 
of m-phosphoric acid into the o- compound takes place, except 
for the bare statement that the change is more rapid in dilute 
than in concentrated solutions and is greatly accelerated by 
heat. 

Glacial phosphoric acid sticks dissolve somewhat slowly but 
completely in four parts of cold water. A stick weighing 20 
to 25 gm. dissolves in the course of about half an hour when the 
mixture is shaken occasionally, fh ee _of the 25 per cent solutien 


oe Precipitati t blood 
sa.e hint on of 10 es vt Dlood. 
sxuition if kept in a cool place will remain serviceable for 


3 days. If needed for immediate use the reagent can be dissolved 
od mee in the course of a few minutes; but solutions so ‘inndle 
ved ye psig + a aaaata power as long as the solutions 

The blood filtrates obtained with m-phosphoric acid solutions 
which have deteriorated beyond the permissible point may be 
perfectly water-clear so that it is not possible to tell by see ée- 
tion at this stage whether the precipitation has been re Posen 
but such filtrates foam considerably in the test-tube when the 
surplus water is boiled off. Whenever such foaming is encoun- 
tered the result obtained in the non-protein nitrogen determina- 
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tion must therefore be regarded with suspicion, particularly if 
the figures obtained are high. 

The determination of the non-protein nitrogen is carried out 
as follows. 

To about 20 ec. of water in a 50 ec. volumetric flask add 5 
ec. of blood. Add 3 ce. of 25 per cent m-phosphoric acid and mix. 
Allow the mixture to stand for 1 to 24 hours, and fill up to the 
mark with water; mix thoroughly and filter through a dry filter 
paper. The first few drops of the filtrate are sometimes not 
water-clear and must then be put back on the filter or discarded. 
It is not essential that the mixture should be left standing for 
an hour as indicated. If desirable, the contents can be made up 
to volume at once. By then transferring the mixture to another 
flask, large enough to permit vigorous agitation, and shaking 
for 3 to 5 minutes, absolutely clear filtrates can be obtained 
immediately. On the other hand it makes no difference if the 
mixture js allowed to stand for 24 hours before it is diluted, mixed, 
and filtered. 

Transfer 10 cc. of the filtrate (corresponding to 1 ec. of blood) 
to a hard glass test-tube (190 mm. X 13 to 15 mm.); add a piece 
of crushed granite.or quartz and 1 cc. of the acid mixture used 
for the destructive digestion of urine (100 cc. sulfuric acid, 300 
ec. phosphoric acid, and 25 ec. 10 per cent copper sulfate solution). 

Boil off the water over a microburner, or in a bath of saturated 
calcium chloride solution, and complete the digestion exactly 


as in the case of urine; 7.e., cover the mouth of the test-tube with 


a Wich class as soon as Willuw ~ -. 14, stated th . fea on “ <s 
pear and contiruy «ho heating for about han’ Wes beg p 
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for 2 minutes, add water, and rinse ep rr 
ic flask, using 60 to 70 cc. of water ‘ 
ye pi the cia add 3; times the amount : 3 
per cent sodic hydrate indicated by the titrating aged san 
phosphoric-sulfuric acid mixture, plus 1 cc. extra for a - i oo : 
Moderate variations in the degree of alkalinity are not = a 
so important when working with normal blood, 1.€.5 i amd 
about 0.3 mg. of ammonia nitrogen, as when working wit g. 








QO. Folin and W. Denis 495 


or more of nitrogen in urine analysis. A difference of 1 or 2 
ec. of 10 per cent alkali makes scarcely any appreciable differ- 
ence in the depth of the color produced. An excess of 2 or 3 ce. 
of alkali does somewhat alter the shade of color obtained (making 
it more greenish) and thus makes the color comparison somewhat 
more uncertain. 

Cool the neutralized solution in running water, and add 10 ce. 
of the Nessler reagent, described in the preceding paper. Mix, 
centrifuge, or filter through cotton, from the suspended silica. 
If the destructive digestion is made in silica test-tubes the di- 
gestion mixtures are clear and no filtration is needed. Compare 
with standard Nesslerized ammonia solutions as in urine analysis. 

The standard should usually consist of 0.5 mg. of ammonia 
nitrogen plus 1 cc. of the phosphoric-sulfuric acid mixture, diluted, 
neutralized, cooled, and Nesslerized as in the case of the unknown 
(in a 100 ce. volumetric flask). 

In the analysis of blood unusually high in non-protein nitrogen 
a standard of 1 mg. of ammonia nitrogen may be needed. In 
working with such unknown blood we prepare the standard as 
follows: We dilute the acid, add the requisite alkali, and cool 
without adding the standard ammonia until we have seen the 
color developed in the unknown. By inspection one can then 
readily tell how strong a standard ought to be used. In the case 
of blood containing excessive amounts of non-protein nitrogen, 
0.8 mg. or over, per 1 cc., it is rather better to repeat the determi- 


nation with a smaller quantity of the filtrate. 


Because of the largaccy.. ~vu-protein nitrogen detena- 
oF the "eaFiOris papers from this "eatin during the 


am jn years, it has seemed to us worth while to make a series 
° el determinations by our old process! and by the method 
escribed in this paper. These are given on the following page. 


1 Folin, O , and Denis, W., J. Biol. Chem., 1912, xi, 527. 
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Non-Protein Nitrogen in Mg. per 100 Cc. of Human Blood. 
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Old method. New method. 
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Having succeeded in finding a thoroughly practical way of 
Nesslerizing micro Kjeldahl digestion mixtures without a pre- 
liminary isolation of the ammonia, it seemed abundantly worth 
while to try to eliminate the use of the air current in the determina- 
tion of the ammonia in urine. To us this was an old problem, 
and we were by no means hopeful of being able to solve it. The 
seemingly almost unsurmountable obstacle in the way of deter- 
mining the ammonia of urine by direct Nesslerization is the 
strong reducing effect of urine on alkaline solutions of mercuric 
salts. The most active reducing substance in urine for mercuric 
salts is creatinine. In the presence of an excess of creatinine 
the mercury of Nessler’s reagent is speedily reduced to the metallic 
state. With the small amounts of creatinine present in 1 to 3 
cc. of urine, turbid unworkable suspensions of mercurous oxide 
are obtained. The reducing action and the combination of 
Nessler’s reagent with ammonia take place at substantially the 
same degree of alkalinity. The highly colored oxydimercurie 
ammonium iodide is itself reduced by creatinine in such alkaline 
solution, and when the alkalinity is reduced, as by the addition 
of sodic bicarbonate, the colored ammonium compound is de- 
composed. It therefore appears to be impossible to adjust the 
conditions so as to secure a selective formation of the oxydimer- 
curic ammonium iodide in the presence of notable quantities of 
creatinine. 

While the. amounts of creatinine normally encountered in 
urine prevent the direct Nesslerization of the ammonia, we found 
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that traces, even large traces, of creatinine have no such effect. 
In fact pure solutions of ammonia and creatinine in equal con- 
centration can be Nesslerized as if no creatinine were present: The 
turbidity ultimately produced by the reducing action of such 
small amounts of creatinine is apparently held in abeyance for 
a very long time (an hour or more) by the colloidal ammonio- 
mercury compound and thus does not interfere with the colori- 
metric comparison. 

The reducing activity of dextrose is insignificant in comparison 
with that of creatinine. 1 mg. of ammonia nitrogen can be Ness- 
lerized in the presence of as much as 50 mg. of dextrose. If only 
some sufficiently simple method for removing the greater part of 
the urinary creatinine could be found, the direct Nesslerization 
of the ammonia in the filtrate might therefore become a feasible 
process. As a preliminary experiment bearing on this point 
we tried blood charcoal, which removes the uric acid and a con- 
siderable part of the creatinine. 

According to Macleod blood charcoal removes as much as 70 
per cent of the creatinine; and he, as well as Cole, removed the 
creatinine in this way before testing normal urines for sugar. 
We did not think that blood charcoal could be made to meet the 
needs of our problem, chiefly because we believed that it would 
absorb the ammonia as well as creatinine. 

We soon found, however, that by suitable treatment of urine 
with blood charcoal (Merck’s, which is free from ammonia) all 
the ammonia of the urine goes into the filtrate, while the uric 
acid, the phenols, and more than 90 per cent of the creatinine 
are taken out by the charcoal. The reducing substances are 
removed so effectively by this treatment that the Nesslerized 
filtrates remain perfectly clear for several hours. 

For the colorimetric determination of ammonia in urine by 
direct Nesslerization we have arrived at the following method: 
To 10 ce. of urine in a large test-tube or small flask add 1 cc. 
25 per cent m-phosphoric acid, 9 cc. distilled water, and 2 gm. 
Merck’s blood charcoal. Shake well for at least 1 minute and 
filter through a dry filter paper. Transfer 1 to 5 cc. of the filtrate 
to a 100 ce. volumetric flask, add distilled water to a volume of 
about 70 cc., and Nesslerize by the addition of 15 cc. of the same 
Nessler’s solution which we use for total nitrogen determinations. 
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Make up to volume with distilled water, mix, and compare in 
the usual manner with the color obtained by Nesslerizing 1 mg. 
of ammonia nitrogen in another 100 cc. flask. 

The m-phosphoric acid is added partly as an acid; 7.e., so as 
to be sure to have the ammonia as salts, for free ammonia is in 
part absorbed by blood charcoal. The reason whythe m-phos- 
phoric acid rather than some more common acid is used is that 
the charcoal does not remove albuminous materials, and we have 
found that the m-phosphoric acid is necessary in the case of albu- 
minous urines, and also in the case of many normal specimens. 

Instead of adding 1 cc. 25 per cent m-phosphoric and 9 cc 
water, it will often prove more practical to add 10 cc. of a 
previously diluted m-phosphoric acid solution; but the fact that 
dilute solutions of this acid do not keep well should not be 
forgotten. 

On the basis of the parallel determinations recorded below 
_we are inclined to believe that this new, simple method gives 
absolutely reliable results for the ammonia of urine. 


Ammonia Nitrogen in Gm. per Liter of Urine. 
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All methods for the determination of urea in urine dependent 
on purely chemical processes for the hydrolysis of the urea 
are apparently destined to become antiquated, if not forgotten, 
because of the abundant supply of urease now available for such 
hydrolysis. It would be easy to devise an excellent direct Ness- 
lerization method for the determination of urea in urine on the 
basis of the Folin-Pettibone process, in which the urea is de- 
composed by the help of phosphoric acid and heat; but, recogniz- 
ing the superiority of urease for the hydrolysis of urea we de- 
cided first to see whether a combination of direct Nesslerization 
with a urease decomposition of the urea could be obtained. 

The starting point of our research was the idea that m-phos- 
phoric acid, which we had found so effective for the removal of 
blood proteins, might be used to remove from urine the urease 
materials added for the hydrolysis of the urea, and should thus 
yield filtrates suitable for direct Nesslerization. The outcome 
proved to be quite in accordance with our expectations and the 
remainder of the research has consequently been only a matter 
of deciding certain minor details in the practical application of 
the method to urine. Concerning these details there is much 
room for choice and individual preference. 

Since the added urease-containing material is removed before 
Nesslerization of the ammonia, it makes no difference within — 
rather wide limits whether much or little of the material is 
used, or whether the ferment is added in the form of a con- 
centrated enzyme powder, or as crude soy bean flour suspension. 
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In our work we use chiefly ‘“‘soja bean meal’’ sold as a food for 
diabetics, and which can be obtained from any wholesale drug 
house. 

The urea determination is made as follows: Transfer 1 cc. of 
undiluted urine by means of an accurate Ostwald pipette to a 
100 ce. volumetric flask. Add 0.1 to 0.25 gm. soy bean meal 
in the form of a 1 per cent suspension. Stopper the flask and 
let stand for 1 hour at room temperature, or for 15 minutes in a 
water bath at about 50°C. Add 25 ec. water and 1 cc. fresh 
m-phosphoric acid solution (25 per cent) and mix; then add about 
1 gm. Merck’s blood charcoal and a little more water (25 cc.). 
Shake, make up to volume, mix, and filter through:a dry filter 
paper. 

The soy bean meal suspension is made as follows: Transfer 
5 gm. soy bean meal to a mortar, add 15 ce. water, and rub until 
a uniform paste is obtained. Add more water and mix. Rinse 
the mixture into a flask or bottle with water, using in all about 
400 cc. water. Add 100 cc. alcohol making the total volume of 
the suspension about 500 cc. 10 to 15 cc. of the freshly shaken 
suspension is used for each determination. The suspension 
remains good for at least 2 days at ordinary room temperature. 


We have verified the findings of Mateer and Marshall that the jack 
bean is much richer in urease than the soy bean; the latter product has, 
however, the great advantage, at present, that it is readily available in 
finely powdered form and is not at all expensive. 


Transfer from 5 to 20 cc. of the filtrate to a 100 cc. measuring 
flask. The amount taken should contain 0.7 to 1.3 mg. ammonia 
nitrogen. Dilute with distilled water to 60 to 70 cc. Nesslerize 
in the usual way and compare with the standard (1 mg. ammonia 
nitrogen Nesslerized in another 100 ce. flask). 

Urea determinations in urine are seldom made except in con- 
nection with total nitrogen determinations, and for the latter 
determination the urine is first diluted from five to twenty times. 
Instead of decomposing 1 cc. of undiluted urine for the urea de- 
termination, 10 cc. of this diluted urine may, of course, be used. 

The following parallel urea (+ ammonia) determinations made 
by the colorimetric micro method and by the Marshall-Van 
Slyke method show that the results obtained are identical. We 
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have not considered it worth while to check off the results by 
any other method, because all who have worked with urease are 
agreed that it decomposes urea quantitatively and does not 
decompose any other nitrogenous constituent of urine. 


Urea Nitrogen in Gm. per Liter of Urine. 





Colorimetric method. Marshall-Van Slyke method... 
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The determination of urea in blood is nearly identical with 
the method for the determination of urea in urine described in 
the preceding paper. The essential points in the method are 
(a) the decomposition of the urea with urease, (b) the precipita- 
tion of the proteins and added urease material with m-phosphoric 
acid, and (c) direct Nesslerization of the protein-free filtrate. 

To 5 ce. fresh oxalated blood in a 50 cc. volumetric flask add 
about 0.1 gm. soy bean meal in the form of a 1 per cent suspension. 
Stopper, and let stand for 1 hour. Then add 25 cc. water and 
2 cc. fresh m-phosphoric acid solution (25 per cent), and make 
up to volume. Mix thoroughly, let stand for at least 45 minutes 
(or over night if convenient), and filter. To the filtrate add 
0.5 gm. Merck’s blood charcoal, shake well, and filter. In the 
case of normal or approximately normal blood, transfer 10 ce. 
of the last filtrate (corresponding to 1 cc. of the original blood) 
to a 25 cc. volumetric flask, add_5 ec. of Nessler’s reagent (made 
according to our formula), make up to volume, mix, and com- 
pare at once (within 10 minutes) in the colorimeter against 0.25 mg. 
ammonia nitrogen Nesslerized in a 50 cc. flask (with 10 ec. Ness- 
ler’s reagent). 

If only 2 cc. of blood is available for the urea determination 
the process is. exactly the same (including the coagulation in a 
50 cc. flask) except that 20 cc. of the final filtrate, corresponding 
to 0.8 cc. of blood, is taken for the Nesslerization. 

As in the non-protein nitrogen determination, it is often de- 
sirable to have two or three different ammonia nitrogen standards 
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ready for the color comparison. This is especially the case when 
working with only 2 ce. of blood, or when working with blood 
in which abnormally high urea contents may be expected. 
_ In the parallel urea determinations recorded below we used 
(a) the colorimetric method described above, and (b) Marshall’s 
urease method, in which the ammonia was isolated by aeration 
and titrated. The urease used in connection with the second 
method was a concentrated product prepared by the Arlington 
Chemical Company according to Van Slyke’s directions. 


Urea Nitrogen in Mg. per 100 Cc. of Blood. 





Direct Nesslerization method. Marshall’s urease method. 
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Last year we described a new colorimetric method for the 
determination of phenols in urine,! and also published a series of 
analytical results illustrating the total phenol content of urine, 
and the distribution of the phenol between the free and the 
conjugated forms. At that time our plan was to extend the 
research in an analogous manner first to feces and finally to blood, 
and we hoped to bring these investigations to a conclusion in a 
reasonably short time. The outcome has not been entirely 
satisfactory. Our phenol determinations in stools suffer from 
one theoretically serious source of error which we have not been 
able to remove. Our “phenols” in feces, include any tyrosine 
which may be present, and if it were not for the fact that the 
total phenols (even including the tyrosine) are often extraordi- 
narily small in comparison with the phenol content of urine, we 
should not care to record our findings or the method by which 
they were obtained. 

Inasmuch as practically no quantitative investigations are 
available concerning the phenol contents of stools, and since 
practically nothing is known concerning the quantitative relation- 
ship between the total pheno! contents of the urine and of the 
feces, our method and our results are not without value, at least 
for purposes of general orientation with regard to this subject. 

Our method for the determination of the total phenols in feces 
is as follows: The 24 hour amount of feces is weighed (on a 






















1 Folin, O., and Denis, W., J. Biol. Chem., 1915, xxii, 305. 
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good platform balance), thoroughly mixed,? and a portion weighed 
out to within 0.1 gm. The quantity of feces to be taken varies 
greatly with the nature of the stool. In soft, pasty stools 20 gm. 
is a convenient quantity, in more solid feces 10 gm. can be han- 
dled with better results, while in diarrheal stools it is sometimes 
necessary to use 40 to 50 gm. The stool if semisolid is thoroughly 
mixed with 40 cc. of water and transferred quantitatively to a 
100 ce. volumetric flask; in liquid stools the addition of water is 
of course unnecessary. 20 cc. of 10 per cent solution of sodium 
aluminium sulfate (or ordinary alum) is first added, with shaking, 
and then 1 ce. of 5 per cent lead acetate solution is added. The 
flask is then filled to the mark with water, shaken, allowed to 
stand 5 minutes, and its contents are filtered through a folded 
filter. 5 cc. of the filtrate is pipetted into a 100 ce. volumetric 
flask, to it are added 25 cc. of water, 3 cc. of phosphotungstic 
phosphomolybdie acid reagent* and 25 cc. of 20 per cent sodium 
carbonate solution. The flask is then filled with water to the 100 
ec. mark, shaken, and allowed to stand for 15 minutes (or longer 
if convenient), after which its contents are centrifuged or filtered 
and read in the Duboseq colorimeter against a standard solution 
of phenol. 

As a standard we use a solution of pure phenol in 0.1 N 
HCl containing 1 mg. of the former substance in 10 ce. 10 ee. of 
this solution when treated with the same amounts of reagent, 
and sodium carbonate, as are used with the unknown, and made 
up with water to 100 ce. gives a convenient standard when the 
colorimeter is set at 20mm. As even the highest grades of phenol 
contain some water, it is always necessary to standardize the 
standard phenol solution by means of the iodometric titration.‘ 


2 A shaking machine can be advantageously used at this point to obtain 
thorough mixing of soft stools; by employing an ordinary steel spatula, 
with patience, excellent mixtures may, however, be obtained without the 
use of a shaker. 

3 This reagent is prepared by boiling gently for 2 hours 750 ec. water, 
100 gm. sodium tungstate, 20 gm. phosphomolybdic acid, 50 ec. phos- 
phoric acid (85 per cent), and 100 cc. hydrochloric acid (concentrated). 
At the end of the period of heating the mixture is cooled and diluted toa 
volume of 1 liter. This formula for the preparation of the phenol reagent 
is better than our original one. It was worked out by Dr. Richard Bell 
in this laboratory in connection with another investigation. 

‘For the method used in this standardization see Folin and Denis, J. 
Biol. Chem., 1915, xxii, 307. 
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The precipitation method as outlined above has been tested 
with ‘‘artificial feces” (consisting of a mixture of soap, neutral 
fat, egg albumin, and calcium phosphate) to which had been 
added known amounts of various pure mono- and diphenols. 
In every case 99.5 to 100 per cent of the added phenol was recov- 
ered. 

In using this method on the excreta of hospital patients, it 
must be borne in mind that many drugs are phenol derivatives, 
and would, if excreted even in part by way of the intestine, lead 
to erroneous results. Salicylic acid and aspirine (acetyl salicy- 
lic avid) are the most commonly used examples of this class of 
drugs, and while these bodies are largely excreted by the kidneys, 
a sufficient quantity passes out by way of the intestine to cause 
grave errors in the determination of fecal phenols. 

While it is, of course, advisable to make the determinations in 
fresh material, we have found that in the case of feces from normal 
persons there was no change in the phenol content on 24 hours 
storage at—2°C., and but slight increase when the stools were kept 
at this temperature for 48 hours. 

A finding not without interest which has been noted during 
the working out of the above method, is the fact that the phenols 
in feces exist in a free or unconjugated condition, as shown by the 
fact that even after long boiling with mineral acids stool extracts 
give no higher phenol values than before this treatment. 

The determination of phenols in the feces of persons fed on 
coarse vegetables and fruit is extremely unsatisfactory on ac- 
count of the difficulty of securing representative samples; there- 
fore and for the purpose of furnishing some basis of comparison it 
seemed desirable to obtain results on a certain number of normal 
individuals fed on a test diet which might be used in pathological 
cases. To this end we have made a number of observations on 
men (surgical convalescents) who were fed on a diet consisting 
of 300 gm. of bread, 75 gm. of butter, six eggs, and 1,500 ce. of 
milk. In a few instances this proved too large an amount of 
food to suit individual tastes and had to be slightly reduced. 

The figures recorded in Table I are cited as showing the nor- 
mal distribution of phenols in the stools and in urine. The indi- 
viduals represented, though hospital patients, were normal in that 
they were convalescent surgical (fracture) cases suffering from 
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Total phenols. 
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TABLE I—Concluded. 
































initia mit 1 Feces, | Total phenols. 
| In feces. | In urine. 
gm. | gm. gm. 
G 1 16.0 | 0.12 | 0.29 
w 2 0 | 0 | 0.36 
o 3 20.0 | 0.05 | 0.35 
" 4 14.0 | 0.10 | 0.46 
“ 5 12.0 | 0.04 0.47 
G 62.0 | 0.31 | 1.93 
H 1 9.2 | 0.02 0.27 
Hg 2 20.0 | 0.04 0.35 
“ 3 12.8 | 0.03 0.34 
" 4 15.9 0.07 0 36 
a 5 16.2 | 0.05 0.34 
“ 6 14.1 0.02 | 0.31 
7 12.2 0.07 | 0.32 
8 10.3 | 0.06 0.41 
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l 1 4.2 0.05 | 0.39 

‘ 2 12.2 | 0.23 0.22 

5 3 11.0 | 0.06 0.25 

- 4 16.2 0.08 0.25 
5 0 0 

ee | 43.6 | 0.42 | 1.52 





| | | 








no known metabolism disorder, and because they passed their 
stools without the aid of laxatives or enemata. The last named 
point is of the greatest consequence in the study of the phenols 
of feces, because laxatives and enemata almost invariably bring 
about a very large increase in the products giving the phenol 






reaction. 
Table IT. 


Experiments illustrating this fact are recorded in 








Phenols 


TABLE II. 





Total phenols. 


Subject. Remarks. 





Feces. 
Dry weight. 


In feces. In urine. 





gm. gm. 
0.17 0.25 | Normal period, no cathartic. 
0 0.44 
0.04 0.40 
0 0.41 





0.21 1.50 





0.28 0.30 
11. 0.16 0.32 | Daily cathartic consisting of 
17. 0.24 0.35 15 gm. MgSO,. 

40. 0.29 





90. 1.16 








24. 0.05 
11. 0.02 Normal period. 
0 0 





39.1 





36.0 
15.0 0.30 | One enema per day. 
26.0 0.30 | 








77.0 a 0.97 




















In Table III are given a few figures showing the phenol excre- 
tion in cats and in rabbits. During the experimental period the 
cats were fed on lean raw meat, the rabbits on rolled oats. 


TABLE ITI. 





| Total phenols. 


Subject. 
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SUMMARY. 


A colorimetric method for the determination of phenols in 
stools is described. From a study of the urinary and intestinal 
phenol excretion in normal men, the conclusion is reached that 
normally, and in the absence of diarrhea, laxatives, or enemata, 
a very small fraction (from 7 to 20 per cent) of the phenols formed 
is eliminated by the intestine. 














THE EFFECT OF THE ADDITION OF ALKALI TO SEA 
WATER UPON THE HYDROGEN ION 
CONCENTRATION. 


By A. R. HAAS. 
(From the Laboratory of Plant Physiology, Harvard University, Cambridge.) 


(Received for publication, July 18, 1916.) 


The addition of alkali to sea water has been employed in im- 
portant biological experiments! such as those upon the develop, 
ment of sea urchin eggs, parthenogenesis, spermatozoan activity- 
duration of life of Paramecia, cell oxidation, rhythmic move- 
ments, and permeability. 

It has been observed that the NaOH reacts with the magnesium 
in the sea water in such cases, causing the precipitation of mag- 
nesium hydrate. Artificial sea water containing no magnesium 
has been used in some instances to obviate this difficulty.2 Before 
it is possible in experiments in which NaOH is added to sea water 
to correlate the results with the decreased hydrogen ion concen- 
tration, it is necessary to study first the effect which such addi- 
tions of alkali have upon the hydrogen ion concentration of the 
sea water. 

Sodium hydroxide solution was prepared by titrating with 
normal oxalic acid solution, using phenolphthalein as indicator. 
The strength of the alkali was found in this way to be 2.4813 n. 
The alkali was purposely made very strong so as to cause as 
little dilution of the sea water as possible. Care was taken in 
all operations to protect the alkali from the CO, of the atmosphere. 
Especially the lower outlet of the burette, where ordinarily the 
drops of alkali become exposed to the CO, of the air, was kept 
continually bathed in an atmosphere of hydrogen. 


1 Héber, R., Physikalische Chemie der Zelle und der Gewebe, Leipsic, 
4th edition, 1914, 195. 

* Harvey, E. N., Carnegie Institution of Washington, Year Book No. 10, 
1911, 128. : 
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A 24 ec. sample of sea water was then titrated by the use of the 
gas chain, at a temperature of 21°C. The resulting hydrogen 
ion concentrations of the sea water were observed for small 
additions of the alkali. The same figures were obtained a second 
time when a duplicate titration was made. 


Results of Additions of Alkali to Sea Water upon the Hydrogen Ion 
Concentration. 





Reading on the burette containing Hydrogen ion concentration of the 
2.4813 n NaOH. sea water. 
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.28 at start. 
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10-1 
10-1 
10-" 
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These gas chain titraticn values of the hydrogen ion concen- 
tration of sea water for small additions of strong alkali have been 
plotted upon logarithmic paper. The abscissa represents burette 
readings of the alkali, while the ordinate represents the hydrogen 
ion concentration. It should be noted that the ordinates do 
not give P,, numbers except at the heavy cross lines. If, for ex- 
ample, we begin at 14 on the ordinate and read downwards along 
the ordinate, we read the following hydrogen ion concentrations: 
1 X 10-" heavy line, 1.5 X 10-“, 2 x 10-", 3 X 10~-%, 4 X 107, 
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5 X 10-“ heavy line, 6 x 10-“, 7 X 10°", 8 X 10-4, 9 K 10, 
10 x 10-“, or 1 X 10~* heavy line, 1.5 X 107", ete. 

At any hydrogen ion concentration along the ordinate we can 
readily obtain the hydroxyl ion concentration by subtracting the 
hydrogen ion concentration from 1 & 10°". If at 1 & 10°, 
we wish to know the hydroxyl ion concentration of the sea water 
instead of the hydrogen ion concentration, we subtract 1 x 
10-* from 1 X 10-' which gives us 1 X 10~° as the hydroxy] ion 
concentration of sea water when the hydrogen ion concentration i 
wil xX It. / 

The titration curve shows that on adding alkali to sea water 
the hydroxyl ion concentration at first rises rapidly and then 
very slowly until the magnesium hydrate has all been precipi- 
tated. After this, further additions of alkali cause a more rapid 
rise in the concentration of the hydroxyl ion but this rise is 
soon checked by the precipitation of calcium hydroxide. After 
the calcium hydroxide is all precipitated further addition of alkali 
will cause a corresponding increase in the concentration of the 
hydroxyl ion. 
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Burette readings of the 2.4813 n NaOH added to 24 ce. sea water. 





Fic. 1. Curve showing changes in the hydrogen ion concentration 
of sea water upon the addition of alkali at 21°C. 
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TRANSLOCATION OF SEED PROTEIN RESERVES IN 
THE GROWING CORN SEEDLING. 
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Among the important biochemical problems which have reached solu- 
tion in the last decade few have attracted more interest than the con- 
troversy over the form in which the digestion products of the proteins are 
transported by the blood to the various tissues of the animal body. Folin 
and Denis! demonstrated an increase of non-protein nitrogen, which 
was neither urea nor ammonia, in the blood of cats after injection of gly- 
cocoll into an-isolated loop of the intestine. Abderhalden*® succeeded in 
isolating various amino-acids from large quantities of blood, but con- 
cluded that the amounts present represented surplus amino-acids which 
were left over after the circulating protein had been built up in the intes- 
tinal wall. Van Slyke and Meyer’ by their now well known method for , 
the estimation of amino nitrogen demonstrated not only the presence of ie 
amino-acids in the blood, but a marked increase in their amount after a 
protein meal. Abel, Rowntree, and Turner‘ have isolated amino-acids 
from the blood by vividiffusion. As the supporters of the theory that 
amino-acids were resynthesized to protein in the intestinal wall before 
entering the circulation had based their conclusions upon negative evi- 
dence—the failure to demonstrate the presence of amino-acids in the 
blood—the results above cited served to settle the controversy. 








A, heer cet for eon 















In view of the establishment of the fact that in animals the 
proteins of the food enter the blood stream and are transported 
to the tissues at least in large measure in the form of amino-acids, .. 
it would be of interest to settle the same problem in connection 7 
with the transference of reserve seed proteins in plants. A | 
study was undertaken of the form in which the reserve proteins of 












1 Folin, O., and Denis, W., J. Biol. Chem., 1912, xi, 87. 
2 Abderhalden, E., Z. physiol. Chem., 1913, |xxxviii, 480. : 





> Van Slyke, D. D., and Meyer, G. M., J. Biol. Chem., 1912, xii, 399. 
4 Abel, J. J., Rowntree, L. G., and Turner, B. B., J. Pharm. and Exp. 
Therap., 1913-14, v, 275. 
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the kernel are transported in the growing corn seedling. The 
demonstration that the translocation of protein nourishment is 
by way of the amino-acids would be of interest in establishing 
another link in the fundamental resemblances of the plant and 
animal kingdoms. 

That amino-acids are present in plant tissues and fluids has 
been shown by various investigators, and many specific amino- 
acids have been detected by characteristic color tests, or even 
have been isolated. But there appears to have been no attempt 
to correlate the presence of amino-acids with a transference of 
protein food reserves, although such a possibility has been sug- 
gested by Thompson in his work on the Alaska pea.*® 

In approaching the problem one is confronted with the difficulty 
that the seed undoubtedly does not produce large quantities of 
amino-acids and then transfer them to the growing parts of the 
plant where resynthesis of protein is taking place. The hydrolysis 
of the seed protein may well be considered a gradual process, the 
hydrolytic products being transported to the growing parts and 
built up into tissue protein. Thus it will be seen that in any 
part of the seedling the total amounts of amino-acids present 
at any one time will be small, even though the transference of 
protein in this way is considerable. Thus to establish the point 
it will be necessary to demonstrate the presence of amino-acids 
in the flowing sap. If the protein material of the seed diminishes, 
and that of the growing parts increases while amino-acids are 
constantly present in both places, the presence of these compounds 
in the flowing sap will indicate beyond question that the pro- 
tein transference is made by way of the intermediate stage of the 
amino-acids. 

Our observations were made on corn seedlings grown in flat 
granite or porcelain dishes of tap water, the kernels being sup- 
ported on wire gauze or perforated porcelain plates so that they 
were kept moist, but were not completely submerged. The 
water was changed frequently. For the estimation of total 
nitrogen and amino-nitrogen in the various parts of the plant 
twenty seedlings of the size desired were selected, the plumule 
and rootlet removed, and the parts dried in vacuo at 70-80°. 


’ Thompson, T. G., J. Am. Chem. Soc., 1915, xxxvii, 230. 
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Total nitrogen was determined by the Kjeldahl method. For 
amino nitrogen the material was ground, and extracted with hot 
water, acidified with acetic acid, and the determination of amino 
nitrogen carried out according to the micro method of Van Slyke.’ 
It will be seen from the accompanying tables and graphs (Table 
I and Graph 1) that as the total nitrogen of the seed diminishes 
the combined total nitrogen of root and plumule increases, indi- 
cating transference of nitrogenous material. The sum total of 


TABLE I. 
Mg. of Total Nitrogen from Twenty Kernels. 
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nitrogen in the entire seedling shows an average value approxi- 
mating that in the unsprouted kernel, with perhaps a tendency 
toward slight increase, due no doubt to assimilation of nitrogen 
or nitrogen compounds from the air or water. 

The figures and graphs for amino-acid nitrogen (Table II, 
Graph 2), on the contrary, show fairly uniform values, excepting 
the rather considerable increase in the amount in the seed during 
the early stages of growth up to the time where the plumule had 
reached 4 inch in length. It is evident that amino-acids are 
present in seed, rootlet, and plumule at all stages of growth up 
to the 10 inch plumule, and in fairly uniform amounts. Thus 
nitrogenous material is transported, and amino-acids are present 


TABLE II. 


Mg. of Amino-Acid Nitrogen from Twenty Kernels. 





Size of plumule in . 
inches. Seed. Plumule. 
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at all stages of growth in each portion of the seedling. It only 
remains to demonstrate that the transported nitrogen isin the 
form of amino-acids. 

To do this it was necessary to demonstrate the presence of 
amino-acids in the flowing sap. The process proved to be extreme- 
ly laborious, as the amounts of sap to be obtained from corn seed- 
lings are extremely small, and since the concentration of amino- 
acids in the sap would naturally be low, fairly large amounts of 
sap would be required for each analysis. The sap was obtained 
as follows. 

Seedlings were grown as described above. When the plumules 
had grown to a length of about 4 inches, they were cut off about 
1 inch above the seed with a sharp scalpel. In order that the sap 
which slowly collected on the top of the stump might not evaporate, 
the dish, containing usually 300 to 500 seedlings, was covered with 
an inverted Petri dish resting upon a moistened towel laid around 
the edge of the dish. This formed a moist chamber which pre- 
vented the evaporation of the exuding sap and also kept the cut 
ends of the plumule stump from drying. From ten to fifteen 
such dishes were prepared at a time, making a total of from 3,000 
to 5,000 seedlings. 

It was found that tiny drops of sap gathered on the plumule 
stump in the course of about 3 hours. These drops were removed 
by means of a capillary pipette, and the sap was collected in a 
test-tube. This test-tube was kept in a freezing mixture, so that 
the sap was frozen as soon as collected, thus preventing spoiling. 
The seedlings usually survived the amputation, and after bleed- 
ing sap 24 to 36 hours, began to grow. A second cutting was 
sometimes attempted, but with indifferent results, as the seed- 
lings usually turned brown and died during the Ist day. Sap 
from such seedlings was rejected. In this way it was possible to 
gather in the neighborhood of 10 cc. of sap in a day, the time and 
care of the growing seedlings making it possible to obtain 15 to 
20 cc. per week. 

The sap was analyzed as follows. 10 cc. of sap were made up to 
100 ce. with ethyl alcohol, and allowed to stand over night. A 
faint cloudiness indicated the presence of traces of protein ma- 
terial. The alcoholic filtrate was concentrated to 2 to 3 cc. in 
vacuo, 30 ec. of water were added, and the concentration was 
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repeated. The liquid (about 1 ec.) was carefully rinsed into the 
burette of the Van Slyke apparatus and a determination of the 
amino-acid nitrogen made. In this way eleven portions of about 
10 ce. each were collected and analyzed. In all cases the analysis 
showed amino-acid nitrogen. It seemed apparent, therefore, 
that amino-acids were present in the flowing sap. There remained 
the possibility, however, that the compounds present were pep- 
tides or simpler protein decomposition products. 

To settle this question the last six portions of sap in alcohol 
were mixed two and two, each solution thus representing about 
20 ec. of sap. Equal portions of each combined filtrate were then 
analyzed for amino-acids, one as described above, the other after 
removal of the alcohol and heating in a water bath with concen- 
trated hydrochloric acid for 24 hours (Van Slyke®). In case the 
amino compounds present in the sap were peptides or simpler 
proteoses, the amino determination after hydrolysis would show 
a marked increase in the amount of amino nitrogen, due to the 
setting free of amino-acids formerly held in peptide linkage. The 
ratio of amino-acid nitrogen in the unhydrolyzed sap tothe amount 
after hydrolysis would vary according to the complexity of the 
peptides present and according to their relative amount. By 
consulting the figures in Table III, 26 A and B, 27 A and B, and 
33 A and B, it will be seen that in two out of the three sets of 


TABLE III. 
Mg. of Amino-Acid Nitrogen in Flowing Sap. 





Amount 
analysed. N per 100 cc. Remarks. 





ce. 


21 9.55 
22 8.04 
23 10.07 
24 10.0 
25 10.63 
26A 10.1 
26B 10. Hydrolyzed. 
27A 9. ; - Not hydrolyzed. 


Not hydrolyzed. 

| 
27B : f Hydrolyzed. 

\ 


Duplicates. 


33A Not hydrolyzed. 
33B Hydrolyzed. 














* Van Slyke, D. D., J. Biol. Chem., 1912, xii, 295. 
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duplicates there actually was an increase in amino nitrogen after 
hydrolysis. Apparently then, the sap contained, in addition to i 
free amino-acids, also some more complex products of protein a 
hydrolysis, but, as the value was in no case doubled, the amount 
appears to be small in comparison to the amount of free amino- 
acids. 










CONCLUSION. 





Thus it is clear that amino-acids are present in the flowing 
sap of corn seedlings. Since these compounds are present at all 
times in seed, rootlet, and plumule, their presence in the flowing 
sap coupled with the above demonstrated migration of nitrogen, 
indicates beyond question that the process of transportation of . 
the reserve proteins of the seed, to furnish building material for ra 

| 







the proteins of the growing parts, takes place in a manner analo- 
gous to the transportation of protein food supplies in the animal 
organism. The appearance of a slight cloudiness when the sap 
was mixed with alcohol, and the relatively slight increase in amino- 
acid nitrogen after hydrolysis suggest, however, that a portion 
of the nitrogen may be transported in the form of soluble pro- 
tein or protein hydrolytic products of peptide type. It is the 
intention of one of us to investigate this point further. 
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The color obtained on mixing together picric acid and alkali 
is very similar to that obtained on mixing together picric acid, H 
creatinine, and alkali according to Folin’s method of determining 
creatinine. It seemed reasonable to suppose, therefore, that 
in a mixture containing much picrate and little creatinine, such 
as is obtained in determining creatinine in the blood, an undue j 
proportion of the color might be due to the picrate alone and that 
this color effect might invalidate the final results and so explain 
certain irregularities we had been finding in carrying out tripli- 
cate determinations of the creatinine in the blood. . : 
The experiments recorded here, therefore, were carried out | 
to determine how much the color from the picrate alone affects A 
the results obtained in the determination of creatinine in the | 
blood and urine by the methods of Folin.! 
Analyses 1 to 12 show the extent of inaccuracy in the final ; 
result produced by the “picrate’’ color when the technique for 4 
the determination of creatinine in the blood is employed.? Vary- tt 
ing amounts of a 0.005 per cent creatinine in picric acid solution 






















1 Folin, O., On the determination of creatinine and creatine in urine, 
J. Biol. Chem., 1914, xvii, 469; On the determination of creatinine and crea- 
tine in blood, milk, and tissues, ibid., 1914, xvii, 475. 

2 In carrying out the analyses recorded in this paper calibrated pipettes, 
burettes, volumetric flasks, and a calibrated Duboseq colorimeter were { 
used throughout in the measurements, and the most scrupulous care was 
taken to use them accurately. In using Ostwald pipettes, for example, 
numerous weighings show that with our technique the pipettes can give 7 
nearly as accurate results as an analytical balance. The time element 
in making the tests was controlled with a watch. ) 
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(0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, and 1.5 ec.) were made 
up to 10 ce. with saturated picric acid solution;® 0.5 cc. of 10 
per cent sodium hydroxide was added and the mixtures were 
allowed to stand 10 minutes. The mixture containing 1.0 cc. of 
creatinine solution was used as the standard and set at 20 in the 
Duboseq colorimeter. Table I and Chart A show the results. 


TABLE I.* 


A Comparison of Actual Readings with Calculated Readings when Creatinine 
Is Determined According to the Technique for Creatinine 
Determination in Blood. 





Amount of creatinine 


solution. Calculated reading. Actual reading. 


Experiment No. 
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* All determinations were made in duplicate. 


The results indicate clearly that the influence of the picrate 
color is very great; note especially Experiment 1 showing that 
the ““picrate”’ color alone is nearly as strong as that of the standard. 

Experiments 13 to 23 were designed to determine how much 
deviation from the calculated readings the ‘‘picrate’’ color causes 
when creatinine is determined according to the technique for the 
determination of creatinine jn the urine. 

To a series of saturated solutions of picric acid (20 ec. each) 
were added respectively 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 
1.4, and 1.5 ce. of a 0.001 per cent solution of creatinine in 0.1 N 
hydrochloric acid; 1.50 ce. of 10 per cent sodium hydroxide were 
added, the solution was allowed to stand 10 minutes and then 
made up to 100 cc. The mixture containing 1.0 cc. of the crea- 


31.2 gm. of picric acid in 100 cc. of water. 





F. H. MeCrudden and C. 8. Sargent 529 








N 





SS 


























ew esR RRS 





wy 
> 

















a 















































0 05 06 OF 086 O9 10 L1 12 17 17 1TD 


Cuart A. A comparison of actual readings with calculated readings 
when creatinine is determined according to the technique for creatinine 
determination in the blood. The abscisse indicate the number of cc. of 
0.005 per cent creatinine used; the ordinates indicate readings in the colori- 
meter. The full line shows calculated readings; the dotted line actual 
readings. 
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tinine solution was used as a standard and set at 20.0 in the 
colorimeter. Table II and Chart B show the results. 

It will be seen from the chart and table that in the technique 
for urine analysis, especially when the amount of creatinine is 
large, the effect of the “‘picrate”’ color is not very great. 

A possible answer to the question of why the “picrate’’ color 
effect is comparatively great in the case of the determination of 
creatinine in the blood, comparatively small in the case of the 
determination of the creatinine in the urine, was discernible in 
the fact that the proportion of picrate to creatinine is about ten 
times greater in the concentrations of these substances used in the 


TABLE II. 


A Comparison of Actual Readings with Calculated Readings when Creatinine 
Is Determined According to the Technique for Creatinine 
in Urine. 





Amount of creatinine 


solution. Calculated reading. Actual reading. 


Experiment No. 





30.9 
28.6 
25.5 
24.4 
21.9 
20.0 
18.4 
16.4 
15.6 
14.4 
13.3 
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standards for blood analysis than in those used for urine analysis. 
For example, in the 10 ce. mixture of picrate and creatinine used 
as the “blood creatinine” standard in the foregoing tests there 
are 0.120 gm. picric acid and 0.00005 gm. creatinine—a propor- 
tion of 2,400 picrate to 1 creatinine; in the 100 cc. m:xture of 
picrate and creatinine used for the “urine creatinine”’ standard, 
there are 0.240 gm. picric acid and 0.001 gm. creatinine—a 
proportion of 240 picrate to 1 creatinine. -It is inevitable, there- 
fore, that the color due to picric acid should have a greater dis- 
turbing effect on the final result in the blood analysis than it 
has in the urine analysis. 
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Cuart B. A comparison of actual readings with calculated readings 
when creatinine is determined according to the technique for creatinine 
The abcisse indicate the number of cc. of 
0.001 per cent solution of creatinine used; the ordinates indicate readings 
The full line shows calculated readings; the dotted 
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To determine more precisely how great a disturbance the 
presence of picric acid itself has on the reaction it became neces- 
sary to determine the color effect of the picrate in terms of the 
creatinine color. Since the creatinine color cannot be developed 
except in an excess of picrate itself, it is not possible to compare 
the “‘picrate’’ color alone with the ‘“‘creatinine’”’ color alone. 
But it is possible to determine what concentration of creatinine 
in picrate gives a color twice as intense as that given by the pic- 
rate alone. In such a mixture half the color is due to the picrate 
and half to the creatinine; and the amounts of creatinine and pic- 
rate present are, therefore, those which give equal amounts of 
color. 

A set of tests according to the blood analysis technique showed 
that a solution containing 0.12 gm. of picrie acid and 0.00025 
gm. of creatinine in 10 ce. gives approximately twice as deep a 
color as a solution containing 0.12 gm. picrate alone in 10 cc. A 
set of tests by the urine analysis technique showed that a solu- 
tion containing 0.24 gm. of picrate and 0.0005 gm. creatinine 
in 100 ec. gives approximately twice as deep a color as a solution 
containing 0.24 gm. picrate alone. From these tests it is clear 
that 0.00025 gm. creatinine gives as deep a color as 0.12 gm. of 
picrate, or 0.0005 gm. of creatinine gives as deep a color as 0.24 

) ees 0.12 0.24 
gm. of picrate. In other words creatinine gives 0.00025 °" 0.0005" 
that is, 500 times as deep a color, gram for gram as picrate.* 

We now have the data to determine how much of the color 
in the creatinine determination is due to picrate alone and how 
much to creatinine. 

In the blood analysis the amount of picrate present in the 10 
ec. is 0.12 gm., the amount of creatinine in an average standarc 
0.00005 gm. If now we call the unit of color that degree of color 
given by 1 mg. of picrate alone, then, in the blood analysis, 
120 units of color are due to the picrate and 500 X 0.05 = 25 
units due to the creatinine. In other words five-sixths of the 
color is aue to the picrate alone and only one-sixth to the crea- 
tinine. 

In the urine analysis the amount of picrate present in 100 ce. 





‘This ratio of 500 to 1 is only a rough approximation. 
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is 0.24 gm., the amount of creatinine in an average standard 0.001 
gm. Using the same unit of color as before—that given by 1 
mg. of picrate alone—240 units of color are due to picrate alone 
and 500 units of color to creatinine. In this case about two- 
thirds of the color is due to creatinine and only one-third to the 
picrate alone. 


SUMMARY. 


The data show that the color due to the creatinine in the de- 
termination of creatinine in the urine is only two-thirds of the 
total color; and indicate clearly how important it is, therefore, 
to use amounts of urine having very nearly the same amounts 
of creatinine as the standard. The data emphasize further a 
fact that we have long recognized empirically and acted upon 
in our own laboratory; namely, that, in determining creatinine 
from day to day in any one patient as a control of the care with 
which 24 hour specimens of urine are collected, the amount of 
creatinine in the specimens taken for analysis should be the same 
from day to day; in other words the urine should be made up to 
the same volume from day to day and the same aliquot portion 
taken for analysis. 

From the data it is clear that in the determination of creatinine 
in the blood the color due to creatinine is such a small propor- 
tion of the total color that analysis gives no information whatever 
concerning the amount of creatinine present; the slight variations 
obtained in duplicates can be accounted for by slight variations 
in the amount of picric acid in the solution. 

In the light of these experiments it is clear that all that has been 
written hitherto concerning the physiology of creatinine and creatine 
needs careful revision; much of it will have to be modified, some of i 
—all that concerning creatinine and creatine in the blood, for ez- 
ample—will have to be rejected altogether. 
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INTRODUCTION. 


In studies of nitrogen metabolism in plants, one of the most 
striking observations has been that asparagine accumulates to a 
considerable extent in shoots of growing seedlings, especially 
when germinated in the dark for 2 to 3 weeks, but disappears 
during later growth. This observation has been the subject of 
much discussion in physiology for a number of years. Different 


theories have been proposed to explain the physiological réle of 
asparagine and the chemical processes involved in its accumula- 
tion in plant metabolism, but the problem has not yet been 
definitely solved. 


The first significant study of asparagine in plants was made by Robert 
Sachsse as early as 1873.' His method included extraction of the tissue 
with water, precipitation of proteins by mercuric chloride, removal of mer- 
cury by hydrogen sulfide, treatment of the concentrated residue by alkaline 
potassium hypobromite, and volumetric measurement of the nitrogen 
evolved. This gave the ammoniacal nitrogen. The amide nitrogen was 
determined by the increase of nitrogen obtained by the method following 
acid hydrolysis. It is sufficient to state that this method is open to sev- 
eral sources of error. 

Schulze,? in 1880, in working with lupine seedlings, reported that about 
30 per cent of the total nitrogen was in the form of asparagine. He used 
two methods: the crystallization method, which consisted in extracting the 





* Abstract of a thesis presented by Barnett Sure in partial fulfilment of 
the requirements for the degree of B.S. at the University of Wisconsin. 

1 Sachsse, R., Uber eine Methode zur quantitativen Bestimmung des 
Asparagins, Landw. Versuchs., 1873, xvi, 61. 

2 Schulze, E., Ueber den Eiweissumsatz im Pflanzenorganismus, Landw. 
Jahrb., 1880, ix, 689. 
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dried seedlings and evaporating to a small volume, when the substance 
crystallized out; and the Sachsse acid hydrolysis method. He explains the 
role of asparagine in the metabolism of the plant as due to destruction of 
nitrogen-free substances in excess of the protein catabolism; hence the 
accumulation of protein decomposition products, of which asparagine is one. 

Miiller,* in 1887, in working with dahlia, tobacco, coleus, corn, and vari- 
ous other plants, also found a great accumulation of this amide, but offers 
a different explanation for its formation. He believes that asparagine is 
formed synthetically and not as a decomposition product. It is possible, 
he states, that sugars are oxidized to alcohols and acids, and by the union 
of the acids with ammonia asparagine might be formed. This would ex- 
plain the disappearance of nitrogen-free substances as carbohydrates, and 
at the same time the accumulation of asparagine. 

Schulze then modified his theory to assume that amino-acids resulting 
from proteolysis might be converted into asparagine. 

Suzuki,‘ of the Agricultural Experiment Station of Tokyo, proved that 
ammonia, when offered in the form of ammonium salts to the plant in water 
cultures in larger doses than are needed for the immediate protein forma- 
tion, is transformed into asparagine and is stored up as such for further 
use. 

Prianischnikow and Schulow® conducted experiments similar to that of 
Suzuki, and also found that by supplying ammonium salts an increased 
yield of asparagine was obtained. They suggest that asparagine might 
result from the union of ammonia and aspartic acid with loss of water, but 
that aspartic acid may not be the particular substance on which ammonia 
acts. 

Wassiliew® has corroborated Schulze’s findings that the disappearance 
of asparagine at maturity is accompanied by an increase in protein mate- 
rial, but the most significant fact which he brings out is that the produc- 
tion of amide nitrogen is accompanied by a decrease in amino-acid nitrogen. 

Suzuki,’ in later experiments, grew one lot of plants in the presence and 
another in the absence of oxygen. In the absence of oxygen he found no 
increase of asparagine over the control plants, but a striking increase was 
found in the presence of oxygen. He also found a remarkable decrease of 
amino-acids in the presence of oxygen. He therefore concludes that as- 
paragine originates from the oxidation of amino-acids. 





§’ Miiller, C. O., Ein Beitrag zur Kenntnis der Eiweissbildung in der 
Pflanze, Landw. Versuchs., 1887, xxxiii, 311. 

4 Suzuki, U., On the Formation of Asparagine in Plants under Different 
Conditions, Tokyo Coll. Agric. Bull., 1894, ii, 409. 

’ Prianischnikow, D., and Schulow, J., Uber die synthetische Aspara- 
ginbildung in den Pflanzen, Ber. bot. Ges., 1910, xxviii, 253. 

* Wassiliew, N., Eiweissbildung im reifenden Samen, Ber. bot. Ges., 
1908, xxvi, a, 454. 

7 Suzuki, On the Formation of Asparagine in the Metabolism of Shoots, 
Tokyo Coll. Agric. Bull., 1902, iv, 351. 
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The purpose of the present investigation was to determine 
whether, during germination, there is a direct relation between 
the disappearance of amino-acids and the accumulation of amides, 
as determined by methods more strictly quantitative than those 
formerly used. 


EXPERIMENTAL. 


In order to show clearly any relation between amino-acids and 
amides during early stages of plant growth, it appeared impor- 
tant to follow the changes of total and water-soluble nitrogen, as 
well as various components of the latter. 

Analytical Methods.—The method used for the determination 
of the ammoniacal and amide nitrogen was that introduced by 
Folin® for urine analysis, employing aeration before and after 
acid hydrolysis. The method used for the determination of 
amino-acid nitrogen was that introduced by Van Slyke:* Van 
Slyke’s improved method determines only the a-nitrogen of 
amino-acids by allowing reaction for 5 minutes, the other nitro- 
gen of the diamino and heterocyclic amino-acids not being in- 
volved. The present investigation, therefore, resolves chiefly 
into a study of the relation of a-amino-acids to the accumulation 
of amides in the metabolism of the plant. 

Preliminary separation trials gave quantitative results from a 
mixture of pure asparagine, glycocoll, and ammonium sulfate. 
It was observed that, when only 1 mg. of amino nitrogen from 
asparagine is measured in the Van Slyke amino apparatus, as- 
paragine reacts with only one of its nitrogen atoms with nitrous 
acid in 5 minutes, probably with the a-amino nitrogen atom. 
However, when 5 mg. of amino nitrogen from asparagine are 
measured in the apparatus, asparagine reacts with only 95 per 
cent of the amino nitrogen. In working with plant materials, 
therefore, corrections were made accordingly. 

In all cases where ammonia was present it was removed before 
subjecting the plant extract to determinations of amino nitrogen. 

The pea plant (Little Gem, dwarf variety) was chosen as the 


$ Folin, O., Approximately Complete Analysis of Thirty ‘‘Normal’’ 
Urines, Am. J. Physiol., 1905, xiii, 45. 

® Van Slyke, D. D., A Method for Quantitative Determination of Ali- 
phatic Amino Groups, J. Biol. Chem., 1911, ix, 185; 1912, xii, 275. 





538 Nitrogen Metabolism of the Pea Plant 


object of investigation because its seed has a large amount of re- 
serve material and the seedling will grow for almost a month in 
pure sand before decomposition effects become prevalent. Since 
it was the purpose of this investigation to compare seedlings at 
several stages of germination, the pea was consequently a desir- 
able plant to work with. Moreover, it is a member of the legume 
family, in which protein metabolism is especially extensive. 

About 400 gm. of air-dried peas were soaked for about 12 hours 
in distilled water and planted in sand in a greenhouse. The 
sand was spread about 8 inches deep on soil under a bench and 
watered with distilled water daily. By suspending gunny sacks 
around the bench the seedlings were partially etiolated. This 
was for the purpose of stimulating the accumulation of amides 
by retarding photosynthesis. After 5 days the seedlings were 
harvested and reed from sand by washing quickly in a rapid 
stream of water. Care was taken to avoid loss of epidermis from 
the cotyledons. By thus exposing the seedlings to water for a 
very short time no appreciable loss of nitrogen by leaching could 
have occurred. 

Approximately 100 gm. of green material were used for pre- 
paring extracts; 10 gm. were weighed out in duplicate for moisture 
determinations; and duplicate portions of about 10 gm. were 
taken for total nitrogen determinations. Duplicate extracts 
were prepared by grinding weighed amounts of green tissue with 
sand in a mortar. Care was taken to add a 2 per cent solution 
of phenol after triturating each portion of samples using 10 ce. 
per 500 cc. of extract. 5 cc. of toluene were also added per 500 ce. 
of the same extract. The crushed tissue was treated with water, 
extracting to a volume of about 450 cc., then heated to boiling, 
and six to seven drops of a 10 per cent solution of acetic acid were 
added to coagulate the proteins. The coagulum was filtered off 
on quantitative filter paper, washed well with boiling water, and 
the filtrate diluted to 500 cc. Portions of 25 cc. were taken, in 
duplicate, for total water-soluble, ammoniacal, and amide nitro- 
gen determinations. 

A second crop was harvested after 13 days of growth, another 
after 19 days, and the last after 26 days. The methods of analy- 
sis were the same throughout the different stages of growth. 

It was thought possible that by soaking the peas over night 
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before planting some nitrogen might have been extracted. Du- 
plicate samples of air-dried peas were therefore soaked and the 
extract was analyzed for total nitrogen. Only 0.07 per cent of the 
total nitrogen of the seeds was found in the extract, showing that, 
as far as this investigation is concerned, the amount so lost is 
practically negligible. 


Appearance of the Plants at the Different Stages of Germination. 


The seedlings were at all stages healthy and vigorous, with the 
exception of the cotyledons at the last stage. At the 26th day 
stage the shoots were healthy, but the cotyledons gave evidence 
of bacterial decomposition in some cases. Hence, although care 
was taken to reject decaying material, no great emphasis can be 
placed on the analytical data procured from the cotyledons at 
that stage. 

After 5 days the seedlings were about 5 to 6 em. tall, after 13 
days a pair of leaves appeared, after 19 days three to four pairs 
of leaves were present, and after 26 days the growth rate was ap- 
parently declining, due to exhaustion of the reserve food. Etio- 
lation was not complete, as indicated by the pale green color of 
the seedlings. 

After 5 days of growth the plants were too small for separation 
of shoots and cotyledons. Separation of these two different 
parts of the plant was not made, therefore, until the later stages. 

All data are consolidated in Tables I to III, and are presented 
in the graphs of Figs. 1 to 3. 
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TABLE I. 


Nitrogen in Various Forms Calculated as Per Cent of Dry Matter. 





13 days. 19 days. 26 days. 





Kind of nitrogen. Seed. | 5 days. 


. Coty- | o Coty- | ¢ Coty- 
Shoot. ledon. Shoot. ledon. Shoot. ledon. 





4.81 | 5.20 .60 | 4.66 | 9.86 .70 | 10.27) 3. 

Water-soluble.......; 1.18 | 2.87 .34 | 2.73 | 6.37 | 2.27 6.08} 2.1: 
Insoluble 3.63 | 2.33 .26 | 1.93 | 3.49 .43 | 4.19 
Protein (water-sol- 
0.95 | 1.32 | 0.54 | 0.64 | 0.90 | 0.27 52!) 0.40 
0.01 | 0.20 | 0.22 | 0.20 | 0.37 | 0.36 0.10 
0.03 | 0.17 | 0.77 | 0.02 | 1.49 | 0.64 .75| 0.45 
0.03 | 0.42 | 0.55 | 0.68 | 0.96 |None. .51;}None. 
0.16 | 0.76 | 1.19 | 1.19 | 2.68 | 1.01 .20} 1.14 





























The above figures represent averages of duplicate determinations, and 
in the case of the seed and the 5 day stage the figures represent averages 
of determinations made from duplicate extracts. 


TABLE II. 
Nitrogen in Various Forms Calculated as Per Cent of Total Nitrogen. 





13 days. 19 days. 26 days. 


Coty- | Coty- | ¢ Coty- 
Shoot. ledon. Shoot. ledon. Shoot. ledon. 





Kind of nitrogen. . |5 days. 





Water-soluble....... 58.70) 64. 61.30) 59.20) 56.73 
Insoluble ; 41.32) 35. 38.75} 40.80) 43.27 
Protein (water-sol- 
13.73 ; 7.29) 5.06) 10.61 
4.40) 3. 9.45) 1.03) 3.04 
0.21 é 17.29) 16.82) 12.28 
14.59} 9.52\None.| 5.12)/None. 
25.71 27 .27| 31.15) 30.50 
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TABLE III. 
Nitrogen in Various Forms Calculated as Per Cent of Total Water-Soluble 
Nitrogen. 


541 





Kind of nitrogen. 


5 days. 


13 days. 


19 days. 


| 


26 days. 





Shoot. ledon. 


Coty- 


Shoot. 


Coty- 


ledon. 


. Coty- 
8 4 : 
Shoot | ledon, 





Protein (water-sol- 

















11.40 
15.21 
28 . 20 
None. 
44.71 








18.82 

5.66 
21.63 
3|None. 
53.89 








Seed 


/3 


Days of growth. 


? 


26 


Fic. 1. Distribution of various forms of nitrogen in shoot and cotyle- 
don. The solid line indicates the shoot; the dotted line, the cotyledon. 
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DISCUSSION. 


Total Nitrogen. 


Shoot.—The total nitrogen in the shoot percentagely at 26 
days is a little more than double that found in the original seed. 
This is what might be expected according to Schulze’s theory 
that decomposition of carbohydrates in the shoot is more rapid 
than that of the protein bodies. Nitrogenous substances, there- 
fore, increase percentagely, although the absolute amounts ought 
to remain unchanged if no nitrogen is being lost by exudation. 

One might regard it possible that the total nitrogen involved has 
not been dealt with in this investigation, due to exudation of solu- 
ble nitrogen compounds from the seedlings to the soil. There is 
conflicting evidence on this point in the literature and no definite 
conclusion can be made. However, the opportunities for such 
loss of nitrogen were the same in this work as those which obtain 
in field conditions of practical agriculture. 

The fact that the total nitrogen increases in shoots of growing 
seedlings percentagely is also brought out by Thompson!° in his 
work on pea seedlings. 

Cotyledon.—The total nitrogen in the cotyledon decreases, pre- 
sumably, due to the fact that, during germination, the cotyledon 
is the seat of protein catabolism. A great portion of the nitro- 
genous substances are transported to the shoot; hence the de- 
crease of the nitrogen percentagely in the cotyledon. 


- Total Water-Soluble Nitrogen. 


Shoot.—The total water-soluble nitrogen represents the total 
nitrogen obtained -from determinations made on aliquots of the 
water extract. It includes the water-soluble protein nitrogen. 

It will be noted from the graphs of Fig. 1 that the curve for 
the total water-soluble nitrogen is nearly parallel with the curve 
for the total nitrogen. Table II shows that this form of nitrogen 
is continually increasing as percentage of the total nitrogen with 
the exception of the last stage, where a slight decrease takes place. 

Cotyledon.—The graphs of Fig. 1 indicate that the total water- 


10Thompson, T. G., The Total Amino Nitrogen Content in Seedlings of 
the Alaska Pea, J. Am. Chem. Soc., 1915, xxxvii, 230. 
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soluble nitrogen in the cotyledon varies nearly parallel with the 
total nitrogen; and Table II shows that, in the cotyledon, the 
total water-soluble as per cent of the total nitrogen also increases 
throughout the full period investigated, with the exception of the 
last ‘stage, where a slight decrease occurs. 


Insoluble Nitrogen. 


Shoot.—The insoluble nitrogen constitutes the difference be- 
tween the total and water-soluble nitrogen. 

It will be noted from Table II that the insoluble nitrogen, as 
per cent of the total nitrogen, is continually decreasing with the 
exception of the last stage, where it has increased. 

Cotyledon.—The insoluble nitrogen in the cotyledon, as per cent 
of the total, is also decreasing throughout all the stages of metabo- 
lism with the exception of the last stage, where it has increased. 
From what has been previously mentioned regarding the decay 
of the cotyledons at this stage, it would appear that this late in- 
crease of insoluble nitrogen might be ascribed to the action of 
bacteria, as well as to synthesis of insoluble from water-soluble 
compounds. 

Water-Soluble Protein Nitrogen. 


Shoot.—It will be noted from the graphs of Fig. 2 that the 
water-soluble protein nitrogen, in the shoot, decreases through- 
out the different stages of growth as per cent of the total water- 
soluble nitrogen. Until the 13th day of growth this decrease 
might be ascribed largely to the fact that other water-soluble 
nitrogenous bodies, as ammonia and especially amides and 
a-amino-acids, begin to accumulate. From the 13th to the 26th 
day it would be due partly to the utilization of water-soluble pro- 
teins for the accumulation of insoluble compounds, as shown in 
Fig. 1. 

Cotyledon.—The same relation which obtained in the shoot ap- 
plies to the cotyledon, with the exception that at the last stage 
the water-soluble protein nitrogen has somewhat increased as per 
cent of the total water-soluble nitrogen. 


Ammoniacal Nitrogen. 


Shoot.—Only traces of ammonia are present in the seed, but 
this constituent accumulates apparently as a by-product of pro- 


“ 





546 Nitrogen Metabolism of the Pea Plant 


tein metabolism. Its amount after 5 days of growth as per cent 
of the total water-soluble nitrogen is almost constant at 5, 13, 
and 19 days in the shoot, but decreases considerably at 26 days. 
It is of interest to note that while the ammonia is decreasing the 
amide nitrogen is rapidly increasing in the shoot. 

Cotyledon.—In the cotyledon there is a considerable accumu- 
lation of ammonia at 19 days to the extent of 15 per cent of the 
total water-soluble nitrogen. It decreases, however, to 6 per cent 
at 26 days, which is slightly less than the percentage at 5 and 13 
days. 

It seems possible, since both ammonia and carbohydrate mate- 
rial disappear when amides accumulate that, as Miiller originally 
proposed, amides might be produced synthetically from these two 
classes of substances. 


Amide Nitrogen. 


Shoot.—The amide nitrogen is continually increasing in the 
shoot during all the stages of growth. At the last stage it forms 
28 per cent of the total water-soluble nitrogen or 17 per cent of 
the total nitrogen. While amides accumulate in the largest pro- 
portions with respect to the total water-soluble nitrogenous con- 
stituents, the results obtained are not as high as previous inves- 
tigators have reported. This may be due to faulty methods of 
analysis formerly used. 

It will be noted that at the last two stages of growth as the 
amides accumulate the a-amino-acids and ammonia decrease. 

Cotyledon.—After 13 days’ growth the amides almost completely 
disappear from the cotyledons. This would indicate that at that 
stage the small amounts of amide produced in the cotyledon after 
5 days’ growth have been transported to the shoot. Amides ac- 
cumulate in the greatest proportions at 19 days in the cotyledon. 
It is interesting to note that the a-amino-acids drop from 25 
per cent of the total water-soluble nitrogen at 13 days to none 
at 19 days in the cotyledon, when the amides have accumulated 
to a greater extent than in the shoot. 


Amino Nitrogen. 


Shoot.—The a-amino nitrogen in the shoot, while it increases in 
the first two stages of germination as a result of protein hydroly- 
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sis, decreases both in the third and fourth stages when the amide 
nitrogen is rapidly increasing. 

Thompson,!? applying the Van Slyke method to the Alaska pea, 
after 14 days of growth, found the amount of amino nitrogen to 
be 19.41 per cent of the total in the leaves and stem. The result 
reported here is 12.0 per cent, after 13 days of growth. This in- 
vestigator does not give specific information about his method; 
z.e., Whether he removed ammonia and proteins and corrected 
for amide nitrogen reacting from his plant extract. If he omitted 
any of the foregoing steps, his results would be high. One must 
consider, moreover, that he worked with a different variety of 
pea plant grown under non-etiolating conditions. 

Cotyledon.—The relation between a-amino-acids and amides in 
the metabolism of the etiolated pea plant is very well brought 
out in the cotyledon. The a-amino-acids drop from 25 per cent 
of the total water-soluble nitrogen at 13 days to none at 19 days 
while the amides accumulate from practically none to 28 per 
cent of the total water-soluble nitrogen. 


ane eS ty 4) ore 


Enay 





















Rest Nitrogen. 


; 
Shoot and Cotyledon.—The rest nitrogen constitutes the water- 4 
soluble nitrogen unaccounted for by our methods of analysis. 
It is obtained by subtracting the sum of the water-soluble pro- 
tein, ammoniacal, amide, and amino nitrogen from the total water- 
soluble nitrogen. It would include the nitrogen other than the ki 
a form of diamino-acids, heterocyclic amino-acids, peptones, and 7 
polypeptides, and other nitrogenous compounds. 
In the later stages of germination these bodies accumulate to 
over one-half of the total water-soluble nitrogen. Lack of knowl- 
edge regarding the specific compounds of this fraction of the total 
nitrogen indicates the limitations of even the present technique. ‘ 
In the near future we should have reliable methods for determin- } 
ing these bodies with a view to learning what physiological réle f 
they play in the metabolism of the plant. 


SUMMARY. 






The main observations made in this study of the nitrogen | 
metabolism of the etiolated pea plant may be summarized as r 
follows. | 
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1. After 26 days the total nitrogen more than doubled per- 
centagely in the shoot. This was possible only when carbohy- 
drate decomposition was more rapid than protein disintegration, 
and indicates that during the early stages of growth of the etio- 
lated pea plant, the shoot is the seat of rapid carbohydrate 
catabolism. 

2. The total nitrogen somewhat decreased in the cotyledon 
and, during earlier stages of growth, a-amino-acids accumulated 
in the cotyledon even to a greater extent than in the shoot. This 
indicates that catabolism is the predominant type of change in 
protein material of the cotyledon during germination. 

3. The water-soluble nitrogen maintained a rather constant 
proportion of the total nitrogen throughout the period of growth 
investigated with the exception of the first stage, when it accumu- 
lated to a considerable extent. 

4. Ammonia was present only in traces in the seed, but ac- 
cumulated as germination advanced. It fluctuated in the coty- 
ledon somewhat parallel to amide nitrogen, but in the shoot it 
decreased while amide nitrogen increased. 

5. Amides accumulated in the shoot throughout all the different 
stages of germination, but not in so large proportions as previous 
investigators have reported. This may be due to the faulty 
methods of analysis formerly employed. In the cotyledon the 
amide nitrogen fluctuated somewhat at early stages, but later 
increased remarkably, while a-amino-acids were disappearing 
rapidly. 

6. Amides accumulated while carbohydrates and ammonia de- 
creased. It may be inferred that they were produced syntheti- 
cally from the latter compounds. The evidence for such a view 
from this study, however, is insufficient to be conclusive. 

7. a-Amino-acids accumulated rapidly, especially in the coty- 
ledon during the earlier stages of growth. In the later stages of 
growth they decreased considerably in the shoot and disappeared 
rapidly and completely from the cotyledon. 

8. The accumulation of amides simultaneously with the de- 
crease of a-amino-acids and ammonia in the shoot indicates that 
a-amino-acids serve for amide production in the nitrogen metabo- 
lism of the etiolated pea plant. 
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